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INTRODUCTION 
General 
The kidney is a vital organ plays essential role in 
health and diseases. The main function of the kidney is to 
maintain total body fluid volume, its composition and pll 
within physiologic range. This is achieved by selective 
reabsorptive properties of the collective kidney structure 
of which it is formed. The nephron, the smallest 
architectural and functional unit of the kidney, is a long 
tubule which originates at the renal corpuscle (glomerulus). 
A rat kidney contains 30,000-35,000 nephrons whereas a human 
kidney is made up of about 1,30,000 nephrons. The nephron 
itself can be subdivided into several subsegments. 
The structure of the mammalian kidney apparently looks 
so homogenous, however, can be viewed as a composite of 
several tissue organs, geometerically, functionally and 
metabolically (1). Thus each nephron consists of group of 
organs arranged in series coursing through four concentric 
tissue planes, the cortex, outer and inner zones of the 
outer medulla and the inner medulla (papilla) (1). Each 
tissue plane also has individual "organ" characteristics 
with respect to their ionic contents and metabolic rates 
(1,2). The; proximal tubule is the major site for 
reabsorption of various solutes including amino acids, 
sugars and other nutrients, and certain ions and minerals 
+ 
such as Na and inorganic phosphate (Pi). The renal tubule 
including the proximal tubule is consisting of cells 
polarized into a luminal or apical surface and a basolateral 
surface to ensure net unidirectional movements of certain 
ions and solutes (3). Reabsorption of most ions and solutes 
from the tubular lumen is coupled by an active transport 
+ 
with sodium (Na ) via a carrier located on apical side and 
+ 
is driven by an electrochemical gradient of Na generated by 
+ + 
Na /K -ATPase located on basolateral side (4,5,6). Thus the 
+ 
transport of Na is considered to be a major work function 
of the kidney (7,8). The large amount of work in the form of 
active transport performed by the kidney has been shown to 
be associated with a high oxygen consumption rate 
concomittently linked with sufficient ATP generation 
processes (9,10). 
Fatty acids, proteins, glucose, and their metabolites 
including intermediates of citric acid cycle, amino acids, 
lactate etc. are known to contribute to the energy supply of 
kidney in various mammals including man (11). The type and 
rate of metabolism in various kidney tissue zones are 
dependent on the availability of oxygen in any particular 
zone of the kidney (11,12-16). There appears to be a reverse 
corticomedullary gradient for tissue oxygen tension (p02) 
i.e. p02 in inner medulla is far lower than in cortical 
tissue (17-20). The energy generated by the metabolism 
supports the transport work in the kidney. Thus the 
metabolic activity, the oxygen tension and the transport 
functions vary in different kidney tissue zones, in 
extension, in different nephronal subsegments (21,22,23). 
Nephron, which is consisting of various subsegments, 
showed distinct structural and functional differences 
(24,25). Thus nephron heterogeneity also contribute to the 
variation in the kidney functions. Both inter- and intra-
nephronal heterogeneity exist in the mammalian kidney that 
depend on the origin and location of the nephrons in the 
cortical region of the kidney (24,25). The nephron which 
originates from the glomerulus located in superficial cortex 
is known as "superficial nephron" while the nephron which 
originates from deep cortical region is called as "deep" or 
"juxtamedullary nephron". These populations of nephrons have 
been found to be distinct in structures as well as in 
functions (24). 
In the kidney, the inorganic phosphate (Pi) which is 
filtered at the glomerulus is reabsorbed primarily in the 
proximal tubule (26-30). The initial step in this process is 
+ 
Na -gradient dependent transport of Pi across brush border 
membrane (BBM). Reabsorption of Pi in this nephron segment 
is altered by various drugs (Nicotinamide, cyclohexamide, 
actinomycin D), hormones (glucocorticoid, PTH, T3, T4, ANF), 
by dietary phosphorus intake (LPD, HPD) and by many 
pathophysiologic conditions such as ischemia, anoxia, 
starvation, acidosis and alkalosis (31-39). 
In many of the above situations the transport of Pi is 
differentially regulated in superficial and juxtamedullary 
cortical proximal tubules mostly by changes in the capacity 
of the transport system localized in the BBM. It is known 
that under normal physiologic conditions kidney does not 
function to its full capacity. It has the ability to adapt 
itself according to the environmental conditions surrounding 
it. The most prominent adaptive changes were observed in the 
phosphorus homeostasis in response to dietairy phosphorus 
intake in maintaining positive phosphorus balance (5,39). 
The feeding of LPD resulted in hypophosphaturia accompanied 
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by increased BBM transport of Pi, while feeding of HPD or 
fasting showed increased Pi excretion with decreased BBM Na-
32 dependent transport of Pi. The structural and functional 
components (including cell metabolism and transport 
functions) are known to be altered by starvation and by 
dietary manipulations such as high carbohydrate, high fat 
and high protein diet. In extension, socioeconomic 
conditions and/or religious restriction may result in the 
altered kidney functions. Thus, in the present study the 
effects of starvation (fasting and refeeding). Islamic 
fasting (12 hr fasting - 12 hr refeeding) and high 
carbohydrate, high fat and high protein diet on the 
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transport of Pi, marker-BBM and certain metabolic enzyme 
activities not only in whole cortex but also in superficial 
and juxtamedullary cortex were determined and compared. The 
result indicates differential specific effects on them. 
PRESENT STATE OF THE KNOWLEDGE 
a) Structure and functions of the kidney ini normophysio-
loqic conditions 
Mammalian kidney is heterogenous structure consisting 
of distinct structural and functional tissue zones e.g. 
cortex, outer medulla (outer and inner portions) and inner 
medulla (papilla). "Nephron", the basic unit of the kidney 
consists of a glomerulus and a long tubule. Glomerulus is a 
site where blood is filtered and a nephric filtrate is 
formed. This nephric filtrate (consisting of various ions 
and solutes) is then passed through the lumen of the tubular 
structure which is consisting of several distinct 
structures, namely subsegments of the nephron which run 
through various renal tissue zones. The nephron is 
subdivided into several subsegments according to their 
locations and structural features. Most of the ions and 
+ 
useful solutes present in the nephric filtrate (Na , Pi, 
amino acids, FAs, sugars) are reclaimed or reabsorbed 
selectively by various nephronal subsegments e.g. proximal 
and distal tubules (40,41) while the harmful waste products 
are excreted out of the kidney in the urine. The renal 
reabsorption of ions and solutes take place actively or 
passively across the luminal membrane of proximal (mainly in 
cortex) and distal (mainly in outer and inner medulla) 
tubules according to their abilities and capabilities. The 
proximal tubule in cortex has been demonstrated to be the 
major site for ions and solute reabsorption including water 
reabsorption which occurs at the luminal or brush border 
membrane (BBM) site of the proximal tubules (42). Thus ions 
and solutes such as sodium, phosphate, sugars and amino 
acids etc. are reabsorbed at the BBM of the proximal tubule 
as secondary active transport which is energized by the 
transcellular transport of sodium ions (primary active 
transport) from luminal membrane (in wardly) out of the 
epithelial cell by basolateral membrane (43,44). The energy 
for the sodium transport is mainly provided by the 
hydrolysis of ATP at antiluminal membrane site involving 
+ + 
Na /K ATPase (42,45). The movement of sodium ions is 
+ 
dependent not only on the Na -gradient across the membrane 
but also influenced by the metabolic status of the cell. 
Since the production of ATP is usually coupled to oxidative 
+ 
metabolism occuring in mitochondria, Na transport appears 
to be linked with the oxidative metabolism or oxygen tension 
(p02) of the renal tubular cells. A direct linear 
+ 
relationship between O2 uptake/utilization and Na 
reabsorption has been found (9,10). 
Considering the heterogenous structure of the kidney, 
the transport of sodium was found to be distributed 
differentially in different parts of the kidney and also 
differentially in different subsegments of the nephron 
(21,22,23). In regard to the oxygen tension (availability) 
it has been observed that the O2 tension was higher in renal 
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cortex and gradually declines proportionally away from the 
cortex in the deeper tissues of the kidney i.e. the O2-
tension was found to be far lower in the inner medulla 
compared to the renal cortex (17-20). Moreover, in the 
+ 
nephron, the segmental 02-consumption as well as Na -
reabsorption varied according to the variations in location 
and the type of the nephron subsegments. The transport of 
+ 
Na requires a large expenditure of energy which varies in 
different nephron sub-segments according to the status of 
the available energy. Further studies have indicated that 
+ 
the source of energy for Na transport i.e. ATP, is not 
solely provided by the oxidative metabolism but also by 
other metabolic processes such as substrate metabolism. 
According to several studies, fatty acid, glutamine, 
lactate, citrate and in particular glucose are the major 
substrates which support the transport work of the kidney 
(23,46-49). It is well established that various nephrons 
subsegments located in different tissue zones of the kidney 
have different functions in solute and fluid transport, as 
well as in substrate metabolism. For example, the renal 
cortex is characterized mostly by aerobic oxidative 
metabolism (50) while the renal medulla is the site of 
"9 
anaerobic metabolism and glycolysisr Moreover, the renal 
cortex is also capable of producing glucose <2,51,52). 
During the last few decades, information regarding the 
tubular cell metabolism in defined nephron segments has 
started to appear (53-57). The results of the above studies 
have provided invaluable information about the ' biochemical 
machinery of the nephron supporting transport work and other 
important functions of the kidney. Klein et al (58) 
demonstrated that proximal convoluted tubules (located in 
cortex) can oxidize a variety of substrate e.g. a-
ketoglutarate, glutamine, glutamate, malate and succinate 
but cannot oxidize lactate and glucose to any appreciable 
extent (58). 
The topic of renal metabolism as it pertains to renal 
transport work has been extensively reviewed (11,21,59,60). 
Recent studies support the view that glucose play a critical 
role in the renal transport function (61,62). Endogenous 
substrates and added free fatty acids supported 24.7% and 
34.7% sodium reabsorption respectively whereas glucose 
elevated sodium reabsorption to 97.1% of the filtered load 
and supported 75.2% of Na-transport when added as the only 
substrate (61,62). The oxidation of glucose in kidney may 
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occur by several different metabolic pathways depending on 
the location and type of a particular nephron segment in the 
kidney : (1) the tricarboxylic acid (TCA) cycle, in which 
glucose undergoes glycolY^jg to pyruvate, which in turn may 
oxidize to CO2; (2) the hexose-monophosphate (HMP) shunt 
pathway; and (3) the glycolysis in which glucose is 
partially oxidized to lactate. On the other hand glucose is 
known to be produced in the kidney by gluconeogenesis 
perhaps in the proximal tubule of the cortex (Fig. 1) 
(1,51,52). 
The enzymes belonging to the above pathways are found 
to be present and distributed differentially in the kidney. 
The renal medulla is the major region for the production of 
lactate from glucose by glycolytic enzymes (2,63) while the 
oxidative conversion of glucose to CO2 was shown in renal 
cortex (50,64). It was further demonstrated that although 
the net uptake of glucose was higher in the renal medulla 
than in cortex, the proportion of glucose oxidized to CO2 
was higher in cortex than medulla. Thus overall glucose 
oxidation appeared to be greater in renal cortex. Definite 
information about glucose oxidation rates in defined nephron 
subsegments is limited at present (53). In other words the 
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contribution of each segment to glucose oxidation in the 
cortex and medulla is not clearly known at present. However, 
the information about distribution of the enzymes of the 
above pathway is available from most of the subsegments of 
the nephron located in different parts of the kidney (2). 
Hexokinase (HK) and phosphofructokinase (PFK) which are key 
enzymes in glycolytic pathway are found in the highest 
concentrations in the MAL, the DCT and collecting duct (CD). 
Much smaller activity of the above enzymes was demonstrated 
in other nephron segments, namely, proximal tubule located 
in the cortex (65,66). Thus it appears that conversion of 
glucose tp CO2 via glycolysis and TCA cycle is prevalent in 
MAL, DCT and CD and the activities of glycolytic enzymes are 
relatively low in the proximal tubules (53). The high 
activity of glycolysis in the medulla can not be correlated 
with the reduced O2 tension in that region because the 
prevailing PO2 in the normal medulla has been shown to be 
sufficient to support oxidation of other substrates such as 
succinate (64,67). Rather, the predominance of glycolysis to 
produce lactate in the aerobic environment may be due to the 
relatively low numbers of mitochondria in the medulla which 
leads to low ATP/ADP-Pi ratio in turn responsible for low 
13 
NAD/NADH ratio in the cytoplasm (64) and eventually favours 
the production of lactate from pyruvate. Actually production 
of lactate from glucose can be considered to be due to the 
predominance of M-isoenzymes of lactate dehydrogenase (LDH) 
in the medulla (68-79). 
The HMP shunt pathway is another pathway by which 
glucose undergo oxidation. The enzymes of this pathway have 
been demonstrated in the kidney with relatively higher 
activity in DCT and MAL (2,53). The contribution of the 
shunt pathway to overall glucose oxidation appears to be 
small under normal conditions compared to glycolysis or TCA 
cycle as has been shown in rats, rabbits and dogs 
(50,71,72). However, the importance of this pathway was 
realised under stimulatory situations such as matabolic 
acidosis, respiratory alkalosis and in response to 
angiotensin where the activity of the enzymes involved in 
HMP-shunt pathway was found to be increased considerably 
(73,74). The enhanced activities of the enzymes was related 
with the increased production of NADPH which is considered 
to support biosynthetic processes and to be involved in 
hydrogen ion secretion (75,76). 
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As far as the availability of glucose is concerned, it 
can be taken up as well as produced by the kidney. The 
production of glucose is accomplished by the process of 
gluconeogenesis and the enzymes of this pathway have been 
identified in the kidney (2,51,52). Kida et al (77) have 
demonstrated that the kidney contributes some 20-30% of 
blood glucose under normal conditions which can increase 
almost upto 50% in acidosis, fasting and diabetes mellitus 
(78). It has been observed that the key enzymes of 
gluconeogenesis, such as phosphoenol pyruvate carboxykinase, 
glucose-6-phosphatase and fructose-1,6,-bisphosphatase are 
exclusively present in the proximal tubule located in the 
cortical part of the kidney (51,79). Further the activity of 
the above enzymes was found to be differentially distributed 
both in the proximal convoluted and proximal straight 
tubules (52,80). 
b) Inter and intra renal heterogeneity of proximal tubules 
(PT) 
The concept of nephron heterogeneity was first 
introduced about 150 years ago by William Bowman who pointed 
out that glomeruli are distributed throughout the cortex and 
that glomeruli situated in the deep cortex are larger than 
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those m the superficial cortex (81). Some twenty four years 
later Jacob Henle confirmed Bowman's findings (82). Later m 
early twenteith century Karl Peter described two nephron 
populations and G.C. Huber m the same year (1909) pointed 
out that due recognition be given to the structural and 
morphological characteristics of the mammalian renal tubule. 
However much attention was not focussed on the renal 
heterogeneity until 1947. With the development of new 
technique, number of workers have addressed this problem in 
the last twenty five years. Both inter and intra nephron 
heterogeneity has been described in mammalian kidney. The 
discussion henceforth will be limited to only proximal 
tubular heterogeneity both at structural and functional 
level. 
Structural and/or functional differences between 
proximal convoluted tubules (PCT) of superficial cortex and 
^uxtamedullary cortex represent(s) inter nephron 
heterogeneity, whereas differences between early segment and 
late segment of proximal tubule of a single nephron 
represents mtranephron or axial heterogeneity. The nephron 
classification system fundamentally is based on the cortical 
location of their glomeruli and/or on the length of their 
16 
loops of Henle. According to the recent view nephrons are 
classified into three groups : superficial cortical nephrons 
- have glomeruli located approximately 0.5 to 1 mm below the 
capsular surface. Midcortical nephrons - have glomeruli 
situated in the mid cortex deep to the superficial nephrons 
but above the juxtamedullary nephrons. Juxtamedullary 
nephrons - have glomeruli located immediately above the 
corticomedullary junction (Fig. 2). Generally, the most 
superficial nephrons have "short loops" (or even cortical 
loops) and deep nephrons have long loops. Besides the 
differences in the glomerular diameter, proximal tubular 
length, filtration rate, epithelial permeability and 
transport characteristics, transepithelial voltage 
differences and distribution of various enzyme activities, 
are other factors that contribute to distinguish different 
nephron populations (83,84). In inter-nephronal 
heterogeneity, proximal convoluted tubules of superficial 
nephrons always touch the surface of the kidney, whereas 
convolutions from midcortical-nephrons do so infrequently 
(85) and then,tend to run perpendicular to the cortical 
surface, whereas proximal convolutions from juxtamedullary 
nephron run perpendicular to and intertwine with medullary 
rays. In most mammals juxtamedullary nephrons have longer 
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Fig:2. Scheaatic representation of the- three groups of nephrons 
classified according to the positions of their gloserull. 
Nephron Segments are labelled as: 
Proxlaal convoluted tubule (PCT): pars r«;cta (PR): descending 
thin Il«b of Henle (DTLH): ascending thin ll«b of Henle (ATLH): 
•edullary thick ascending ll«b of Henle (MTALH): cortical thick 
ascending I lab of H^ nle (CTALH): distal convoluted tubule 
(OCT): connecting sep,«cnt (CS): Initial collecting tubule 
(ICT): cortical collecting tubule (CCT): outer aedullary 
collecting tubule (OMCT): Inner aedullary collecting tubule 
(IMCT): papillary collecting duct (PCD). 
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proximal tubule (pars recta included) then superficial 
nephrons (86-89). Juxtamedullary proximal convolutions are 
approximately 25% longer and have a significantly greater 
diameter than superficial convolutions (85). 
In intra nephron or axial heterogeneity, the proximal 
tubules have been divided into three distinct morphological 
subsegments SI, S2 and S3. The early PCT both m superficial 
and juxtamedullary nephrons is defined as Sl-segment and can 
be identified by its attachment with glomeruli on one side. 
The cells are tall (10-12 ym) having a long (3 ym) brush 
bordcx and extensive iterdigitations between lateral cell, 
margin of adjacent cells (85,90). S2 is defined as the late 
superficial proximal convoluted tubule, early superficial 
proximal straight tubule and late juxtamedullary proximal 
convoluted tubule. Thus is consisting of rest of the 
convolutions and entire pars recta (straight porlion) in 
cortical portion of the kidney. Cells of S2 segments are 
shorter, with shorter brush border and Ic^ ss extensive 
lateral and basal infoldings than Si cells (85,90). S3 is 
located principally in the outer stripe of outer medulla and 
is terminal superficial proximal straight tubule and entire 
juxtamedullary proximal straight tubule. S3 is identified by 
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its medullary location and by its connection with thin limbs 
on distal part. Superficial pars recta is long and contains 
S2 and S3 cell types whereas JM-pars recta is short and made 
of predominantly S3 sub-segments (85). All S3-subsegments 
(pars recta), as they descend from cortex into the outer 
stripe of the outer medullar change from S2 to S3 cell type. 
Thus the outer stripe of the outer medulla contains proximal 
tubular cells but only the S3 type (85). S3 cells are 
cuboidal and have the longest brush border, fewest 
mitochondria, least basolateral invaginations and least 
developed endocytic apparatus of all three proximal tubular 
cell types (91). Peroxisomes are most numerous m S3 cells 
(91). 
Besides morphologic differences, the functional inter 
and intra nephronal differences have also been observed m 
proximal tubule. Functional differences mostly coincide with 
the morphologic subdivisions. In early PCT (Si-segment) 
+ + 
oxidative metabolism, Na /K ATPase activity and active 
transport are relatively high, allowing very efficient Na-
coupled net reabsorption of glucose, ammoacids, phosphate 
and net secretion of hydrogen ions (92). In S2 cells, 
glucose. Pi and H transport capacities are still noticeable 
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and progressively decrease along proximal convolution (92). 
+ + . + 
Finally, in S3, Na /K ATPase activity, Na -transport is 
found to be relatively low. However, the transport of 
organic acids and bases is main concern of the S3 segments. 
Proximal heterogeneity also exists in regard to hormonal 
action and some other adaptive changes (93). In the proximal 
tubule on the apical cell border well developed and closely 
packed microvilli form the brush border. The luminal 
membrane contains a number of specific carrier systems for 
the reabsorption of transport of ions and solutes (94). It 
is well established that in proximal tubule, brush border 
membrane is the rate limiting site by which most of the 
fluid (upto 65%), Na ions (65%) and most of other solutes 
(upto 100%) are reabsorbed (27,28,43,95). It is also the 
site for the regulation of the reabsorptive properties by 
the adaptive changes and by the stimuli (43). 
c) Structure and function of kidney in pathophysiologic 
situations 
In mammals, the kidney plays a major if not unique role 
in controlling body fluid homeostasis. Indeed, in regard to 
mineral balance, salt intake is not controlled, and the 
kidney is the main pathway of salt excretion. In regard to 
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water excretion, the kidney is again the main regulatory 
route of exit. As a whole, the kidney plays important role 
in maintaining the body fluid volume, composition and the 
pH. Recent investigations have shown that over 20 hormones 
or other physiological mediators are involved in the control 
of kidney functions. Vasopressin, aldosterone, parathyroid 
hormone e.g., enhance urine concentrations, sodium 
reabsorption and phosphate (Pi) excretion respectively. 
Glucocorticoids, piogesterone, vitamin D, thyroid hormones 
(T3/T3), glucagon, insulin, angiotensin II, calcitonin, 
atrial natriuretic factor (ANF), neuromediators (a^ ,^ 02 and 
13-adrenergic agents, serotonin, dopamine), and local 
mediators (prostaglandins, bradykinin etc) are also known to 
regulate kidney functions. The need for hormonal control of 
the kidney probably results from its heterogeneity, itself 
related to strategy developed to overcome the complexity of 
its functions (96). 
Transport systems are not uniformly distributed along 
the nephrons also shows a marked heterogeneity with specific 
transport properties (97). The active transport of only a 
+ + + + + 
few solutes (e.g. Na , K , H , Ca , Pi) is usually directly 
coupled to cell oxidative meLabolism through the activity of 
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+ + 
specific pumps e.g., Na /K ATPase etc. The functional 
organization necessitates the existence of external sensors 
that in response to alterations of plasma concentrations of 
a given solute, can send hormonal messages to the different 
nephron cells or segments specifically involved in the 
transport of that molecule. Since inorganic phosphate (Pi) 
is essentially required for many of cellular processes and 
its reabsorption in the proximal tubule at BBM site is 
regulated by different hormones and drugs, the following 
discussion will be limited to renal phosphate handling in 
pathophysiological conditions. 
The renal proximal tubule in the cortex is the major 
+ 
site for Pi transport in the presence of Na and its BBM is 
the main regulatory site. Renal Pi reabsorption is affected 
by several hormones such as PTH (32,98,99), calcitonin 
(100,101), and glucocorticoids (102-104). These are strongly 
phosphaturic and inhibits Na-gradient dependent BBM Pi 
+ 
transport. Phosphate reabsorption and the activity of Na -Pi 
cotransport system in the BBM are increased in parallel by 
the administration of thyroxine (T4) (105-107), 
triiodothyronine (T3) (108-110) and growth hormone (111). 
+ 
The Na -Pi cotransport in BBM isolated from superficial 
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(BBMV-SC) and juxtameuullary cortex (BBMV-JMC) showed 
differential kinetic properties of the transport and are 
susceptible differentially to regulation by some of the 
above hormones and other non-hormonal stimuli. PTH, 
calcitonin, and thyroid hormones (T3/T4) modulate BBM 
transport of Pi predominantly in BBMV-JMC (98-101,105-110), 
dietary phosphate deprivation (LPD) predominantly in BBMV-SC 
(112-120) while ANF and nicotinamide to similar extent both 
in BBMV-SC and BBMV-JMC (102,113,115). In most of the cases 
the maximum capacity of the transport (Vmax) is changed with 
minor or no change in the affinity (Km). 
Besides hormones and certain drugs renal adaptation of 
Pi transport is usually defined m a physiological sense as 
an adjustment of tubular Pi reabsorption to changing supply 
or demand for the ion. In more biochemical sense adaptation 
can be defined as an increase or decrease m the number of 
Pi transport systems in the BBM. Such adaptations are 
+ 
reflected by an increase or decrease in the Vmax of Na -Pi 
cotransport activity m the BBM. This may not only occur m 
response to variations in dietary supply of Pi but also as a 
secondary event m situations where the primary or acute 
changes of Pi reabsorption are produced by different 
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cellular mechanisms (111). Pi transport m BBMV(s) changes 
in parallel to renal reabsorption of Pi under various 
+ 
physiological conditions. The Na /Pi cotransport activity is 
increased in Pi depleted (LPD) animals (112-118) and after 
prolonged administration of T3 or T4 (105-107) and growth 
hormone (111). It is decreased in Pi loading (HPD) and by 
administration of PTH (32,98,99) and glacocort icoids 
(103,121). 
Acute changes of acid-base balance are also associated 
with changes of renal Pi reabsorption and excretion 
(122,123). It has been shown that Pi reabsorption is 
stimulated by pH increases in the lumen but only when (Pi) 
in the tubule and in the cells is low; at elevated (Pi) in 
either compartment the pH dependence of Pi reabsorption is 
reduced or lost (124-128 ). Thus metabolic acidosis reduces 
the Pi reabsorption (129-135) while alkalosis increases it 
(125,130). 
In the cellular mechanism of Pi reabsorption both 
short-term and long-terra regulations are indicated (28,136). 
In short-term regulation allosteric regulation and 
activation-inactivation mechanisms are involved including 
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co-valent modifications (eg. phosphorylation, ribosylation, 
methylation etc). Long-term regulation or adaptation usually 
involves de novo synthesis of the transporter molecules. The 
data accumulated during the past few years suggest that the 
factors that affect renal Pi transport can be categorized 
within the frame work of enzyme regulation type mechanisms. 
+ 
However, information on the Na -cotransport is grossly 
insufficient. Recently Pi transport protein has been cloned 
in rats, rabbits and humans (137) and such studies are in 
progress and exact mechanism involved in the transport of Pi 
is expected to be known soon. 
It has been proposed that alkaline phosphatase 
(AlkPase), a known BBM enzyme might be involved in Pi 
transport across the membrane. This proposal was based on 
the observations of parallel changes of AlkPase and Pi 
transport activity in different animals under various 
experimental conditions (116-118). However, there may be an 
indirect link between AlkPase and Pi transport, a direct 
involvement of AlkPase in Pi transport has been clearly 
ruled out (41,138). Another mechanism was also proposed 
+ 
which is based on NAD -hypothesis (139-145). Stimulation of 
renal gluconeogenesis was associated with reduced Pi 
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reabsorption under various physiological conditions, such as 
PTH administration, gluco-corticoid administration, 
starvation and chronic metabolic acidosis (141,144). 
Stimulation of gluconeogenesis is associated with increased 
+ 
utilization of reducing equivalents (NADH), increased NAD -
+ 
NADH ratio and increased free (NAD ) in the cytosol of 
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kidney cells (141,144,146). In vitro experiment Pi uptake 
+ 
was inhibited when NAD was added to BBM suspension (144). 
It was suggested that NAD by ADP-ribosylation to BBM may 
inhibit Pi transport. PTH effect on Pi transport was 
proposed to be mediated by CAMP-dependent phosphorylation 
(142,147-149). However, the evidences are not sufficient by 
both the mechanism for an involvement of these reactions m 
the regulation of Pi-transport. 
Scope of this thesis 
Mammalian kidneys are heterogenous structures 
consisting of distinct structural and functional tissue 
zones, e.g. cortex, outer medulla and inner medulla. The 
fundamental architectural unit of the kidney "the nephron" 
runs through these tissue zones (1) also exhibit structural 
and functional inter- and mtra-nephronal heterogeneity 
(150). The kidney plays vital role m the maintenance of 
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body fluid volume and chemical composition and also maintain 
acid-base balance by virtue of its reabsorptiA/e properties 
(151). The proximal tubule is the major nephronal site for 
the reabsorption of large amount of water and various 
solutes and ions. The sodium ions and inorganic phosphate 
(Pi) are reabsorbed by active transport system located at 
the brush border membrane of the proximal tubules on the 
expenditure of energy which is supplied by the hydrolysis of 
ATP. There exists a direct or indirect link between the 
metabolic activity of the proximal tubular cells and its 
transport capacities. 
Many different hormones, drugs, pathophysiologic 
situations and dietary Pi intake change the rate of Pi 
transport across the renal brush border membrane (BBM) which 
probably reflects the central role of proimal tubular 
reabsorption in renal handling of Pi. In most of these 
situations, the change in Pi reabsorption is accompanied by 
a specific change in the capacity of the Na-dependent 
transport system (31,39) which is also regulated 
differentially m different populations of the proximal 
tubules. Since kidney functions are known to be altered by 
various drugs, pathophysiologic situations and dietary 
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intake of Pi, proteins and carbohydrates it is expected that 
kidney would adapt to its best capacity for the maintenance 
of a positive balance of various nutrients including Pi 
under various unbalanced dietary conditions afflicted due to 
socio-economic, religious and environmental conditions or 
customs, hunger and malnutrition, high or low contents of 
dietary proteins, carbohydrates, fats, short term fasting or 
starvation and long term fasting such as Islamic fasting of 
Ramadan practiced by muslims world-wide. 
Previous studies have demonstrated the effect of 
starvation and refeeding; and high carbohydrate, high 
protein and high fat diets on the cellular metabolism of 
kidney involving the activities of certain enzymes of 
carbohydrate metabolism (1,2,6,51,79,80,81,152-167). Fasting 
resulted in the decrease of LDH and MDH while the activities 
of gluconeogenic enzymes (G6Pase, FBPase and PECPK) were 
shown to be increased by fasting (1,2,51,152-156). The above 
enzyme activities were known to be restored towards normal 
values upon refeeding (163,164). In addition, the transport 
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of Pi in BBMV(s) was found to be decreased by fasting 
(119). In contrast to fasting, the feeding of high 
carbohydrate diet was characterized in the decrease of 
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glucose production by gluoneogenesis (157). The activities 
of G6Pase and FBPase were lowered while the enzymes of 
glycolysis (Phosphofruc-tokinase and pyruvate kinase) (157) 
were increased. However, the feeding of high protein diet 
caused the stimulation of gluconeogenesis without affecting 
the glycolysis while the activities of LDH and MDH were 
found to be lowered as compared to control rats (158). High 
dietary proteins also resulted in the increase of renal 
G6PDH and 6PDGH (enzymes of HMP-shunt pathway), while high 
fat or carbohydrate diet did not alter the activities of 
these enzymes (159,160). Some other affects on the structure 
and functions of the kidney were also reported by various 
dietary manipulations (110,114,117,154,157-171). In another 
study,high fat diet resulted in the increase oC BBM AlkPase 
while the activity of GGTase was declined (161). The 
transport properties of renal cortical BBM m response to 
high protein, fat or carbohydrate diets have so far been not 
reported. 
The aim of the present research is to determine the 
effects of short-term and long-term fasting (like hunger or 
religious fasting); and variations in dietary composition in 
such a way to equate with the dietary consumption of various 
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societies representing malnutrition, and dietary imbalances 
(e.g. Pi-depleted diet, high carbohydrate, fat or protein 
diets) on the renal handling of Pi and cellular metabolism. 
The effects of various dietary stresses are characterized 
not only in whole cortex but also in the proximal tubules of 
superficial and juxtamedullary cortex. 
MATERIAL AND METHODS 
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MATERIALS 
1. Animals : 
Adult Albino rats (Wistar strain) were purchased from 
Experimental Animal Facility Centre, AIIMS, New Delhi and 
Jamia Hamdard University, New Delhi. 
2. Diets : 
The animals were always conditioned for 7 days on basal 
diet prior to their transfer on experimental diets. All the 
diets and water were given ad libitum. The animals were 
always randomly divided into groups as indicated in 
"Results". 
(i) Basal diet : The standard rat pellet diet was obtained 
from Amrut, Maharashtra, India. 
(ii) High Fat diet : The animals were given basal diet mixed 
with 2% Cholesterol in 6% heated Corn oil (Kritchevsky et 
al., 201 )• 
(iii) High Carbohydrate diet : The following ingredients 
were mixed to form high carbohydrate diet as described by S. 
Wolffram and E. Scharrer (200 ) : Casien 13%; Carbohydrate 
77% (Starch 55%, Sugar 22%); Corn oil 4%; Mineral mixture 
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(per Kg diet): CaC03 12.5 g; Ca3(P04)2 11.70 g; K2HPO4 8.35 
g; NaCl 6.65 g; Na2HP04 5.80 g; MgS04.7H20 3.80 g; Fe-
Citrate 09.37 g; MnS04.H20 0.38 g; ZnC03 33 mg; 16 mg 
CUSO4.5H2O; 33 mg KJ; 8 mg NaF. Vitamin mixture (per Kg 
diet) : 5,000 lU A; 1,000 lU D3; 80 mg E; 2 mg K3; 20 mg 
Bj^.HCl; 20 mg B2; 10 mg Bg.HCl; 30 yg 83^ 2' ^^ ">9 Ca-
penthenate; 50 mg nicotinic acid; 2 g Choline Chloride; 2 mg 
Folic acid; 200 yg biotin; 250 mg inositol; 100 mg para-
amino benzoic acid; 20 mg C. 
High Protein Diet : The following ingredients v/ere mixed to 
form high protien diet as described by S. Wolff ram and E. 
Scharrer ( 200 ) : Crude protein content 88.0% supplemented 
with DL-methionine. Starch 3%, Corn oil 2%. Mineral mixture 
(per Kg diet): 12.50 g CaC03, 11.70 g Ca3(P04)2; 8.35 g 
K2HPO4; 6.65 g NaCl; 5.80 g Na2HP04; 3.80 g MgSO4.7H20; 0.37 
g Fe-Citrate; 0.38 g MnS04.H2; 33 mg ZnC03; 16 mg 
CUSO4.5H2O; 33 mg KJ; 8 mg NaF. Vitamin mixture (per Kg 
diet) : 5,000 lU A; 1,000 lU D3; 80 mg E; 2 mg K3; 20 mg 
Bj^HCl; 20 mg B2; 10 mg Bg HCl; 30 yg 83^ 2' ^^ "*5 ^^-
penthenate; 50 mg nicotinic acid; 2 g Choline Chloride; 2 mg 
Folic acid; 200 yg biotin; 250 mg inositol; 100 mg para-
amino benzoic acid; 20 mg C. 
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Radio Chemicals : 
Tritiated proline ( H-Pro) and radioactive phosphate 
32 ( Pi) were purchased from BARC, India. 
Chemicals : 
The chemicals used were of finest quality commercially 
available and their sources are indicated against them. 
Glass distilled water was used in all experiments. 
CHEMICAL SOURCE 
Acetic acid E. Merck, India 
Ammonium molybdate Glaxo, India 
Bovine serum albumin Sisco, India 
Cholesterol J.T. Baker Chemical Co., USA 
Cocktail-T 
(Scientillation liquid) 
Sisco, India 
Copper sulphate (CUSO4) BDH, India 
Cysteine hydrochloride Sigma Chemical Co., USA 
Di-potassium hydrogen 
orthophosphate 
Qualigens, India 
Ether E. Merck, India 
Ferric chloride (FeCl3) Ranbaxy Lab., India 
Ferrous sulphate (FeS04) Ranbaxy Lab., India 
Folin's Phenol reagent Loba Chemi cal Co., India 
Glycine E. Merck, India 
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Glycyl glycine Loba, India 
N-2-Hydroxy ethyl-piperazine Sigma Chemical Co., USA 
N-2-ethane sulphonic acid 
(HEPES) 
Hydrochloric acid (HCl) E, Merck, India 
Magnesium chloride (MgCl2) Qualigens, India 
Nicotinamide adenine SRL, India 
dinucleotide phosphate (NADP) 
Nicotinamide adenine SRL, India 
dinucleotide reduced (NADH) 
P-Nitroanilide Sigma Chemical Co., USA 
P-Nitrophenol Loba Chemical Co., India 
Potassium chloride (KCl) Glaxo, India 
Potassium dihydrogen ortho- Qualigens, India 
phosphate 
Sodium arsenate Romali, American Preparate 
Sodium carbonate (Na2C03) Qualigens, India 
Sodium chloride (NaCl) E. Merck, India 
Sodium lauryl sulfate (SDS) CDH, India 
Sodium potassium tartarate Qualigens, India 
Sulfuric acid (H2SO4) Qualigens, India 
Tri-chloroacetic acid (TCA) Loba Chemical Co.., India 
Tris-base Sigma Chemical Co., USA 
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METHODS 
General Experimental design : 
Albino rats of Wistar strain were stabilized on a 
standard rat pellet diet (Amrut, Maharashtra, India) and ad 
libitum of drinking water seven days before starting each 
experiment. Body weights of rats were recorded before and 
after introducing specific experimental conditions. The rats 
were sacrificed under light ether anesthesia. Blood and 
urine were collected and the kidneys and livers harvested 
and utilized for further analyses as described in "Methods". 
Blood collection : 
Before sacrificing the rats 2.0 ml of blood was 
withdrawn from the left jugular vein with the help of a 
disposable syringe. Serum was collected by centrifugation at 
5000 rpm (Remi Centrifuge, India) for 10 minutes from the 
coagulated blood samples. 
Drine collection : 
3-4 rats of each group were kept in metabolic cages and 
the urine was collected for 3 hrs (for fasting, and fasting-
refeeding experiments) just before and a day before (for 
Islamic fasting and other experiments) the sacrifice of 
rats. 
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Preparation of homogenatea from whole, superficial and 
juxtamedullary cortices and liver for enzyme analyses : 
Kidneys and livers from various groups of rats were 
removed and kept in ice cold buffered saline, pH 7.5. For 
whole cortex study, the kidneys were cut longitudinally and 
the cortical tissues were dissected out carefully and kept 
in fresh saline solution. For superficial and juxtamedullary 
studies, the kidneys were cut transversely and the tissues 
from superficial cortex (SO and juxtamedullary cortex (JMC) 
were dissected out carefuly (all the steps are carried out 
at 0-4'C, unless otherwise specified) as described by Yusufi 
et al. (172). In brief, the cortical part of the kidney was 
cut into two halves and the whole cortex (WC) was separated 
from medullary and papillary portions. For the preparation 
of BBMV-SC and BBMV-JMC, the cortical portion was cut in the 
middle of the cortical thickness (Fig. 3) between the kidney 
surface and cortico-medullary junction. The juxtamedullary 
part of the cortex was carefully separated from superficial 
cortex. The outer cortical zone, superficial cortical tissue 
(SO "SC-tissue" was used as a starting material for BBMV-SC 
preparation. Since, in rat kidney, straight portions of the 
proximal tubules dip beyond the cortico-medullary junction, 
the outermost layer of adjacent medulla (outer stripe of 
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Fig. 3. ts^^uid-Jax^'en:. °' "•' ^^"-y -
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outer medulla) was also included to juxtamedullary cortical 
tissue i.e. "JMC-tissue" for the preparation of BBMV-JMC. 
Enough tissue material from cortical tissues (WC, SC & JMC) 
and liver was homogenized with 0.1 M Tris-HCl„ pH 7.4 (15% 
homogenate) in a Potter-Elvehjem homogenizer (passing 8 
pulses) fitted with Teflon pestle. The homogenate thus 
obtained was centrifuged at 4000 rpm (2000xg) for 10 min in 
a cooling centrifuge (Beckman, J2-21) and the supernatant of 
2000xg was used for enzyme assays. 
Preparation of BBMV from whole cortex (WC), siuperficial & 
juxtamedullary cortices (SC & JMC) : 
Cortical tissues from the kidneys of various groups (3-
4 rats in each group) were pooled and BBMV was prepared 
simultaneously by the method of Schimitz et al (173) using 
MgCl2 for the precipitation of membranes other than BBM as 
described by Yusufi and Dousa (41) and outlined in Fig. 4, 
All the solutions used were prefiltered through 0.45 ym 
Millipore filters and the BBMV preparation was carried out 
at 0-4*C (unless otherwise specified). 
(i) Cortical tissues (1 gm/5 ml) were homogenized in a 
buffered solution (50 mM mannitol, 2 mM Tris-HEPES, pH 7.0) 
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CORTICAL 
HOHOGENATE 
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TRIS-HEPES, pH 7.0 
HIGH SPEED HOMOGENIZATION 
(Ultra-Turrex) 
BBMV IN 
HOMOGENATE 
• 2 
Mg " PRECIPITATION & CENTRIF13-
GATION AT 2000 X g FOR 10 MIN. 
PELLET 
DISCARDED 
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SUPERNATANT 
BBMV PURIFICATION 
BY CENTRIFUCATION 
AT 35000Xg FOR 30 
MIN. 
BBHV 
SUSPENDED IN 300 
mM MANNITOL 5 mM 
TRIS-HEPES,pH 7.4 
Fig. Schematic representation of BBMV Preparation 
from rat renal cortex 
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with four complete passes in a Potter-Elvehjem homogenizer. 
(ii) The homogenate was diluted with the above buffer 
solution (1 gm/20 ml) followed by polytron homogenization at 
high speed (Ultra-Turrex T25, Germany) with three pulses, 
30s each and 30s interval in between each pulse. Aliquots 
for cortical homogenate were saved and quickly frozen for 
further analyses. 
(iii) 1 M MgCl2 was added to the homogenate (final cone. 10 
mM) and was kept for 20 min with intermittent shaking. The 
homogenate was then centrifuged at 2000xg (4000 rpm) for 10 
min in a Beckman J2-21 refrigerated centrifuge and the 
pellet was discarded. 
(iv) The supernatant was recentrifuged at 35000xg (17000 
rpm) for 30 min and the pellet thus obtained was resuspended 
in a small volume (1-2 ml) of the solution containing 300 mM 
mannitol, 5 mM Tris-HEPES, pH 7.4, with four complete passes 
by a loose fitting Dounce homogenizer (Wheaton, USA) and the 
volume was raised to 10-15 ml. 
(v) The above suspension was centrifuged again at 35000xg 
(17000 rpm) for 20 min in 15 ml corex glass tube. The white 
outer portion of the fluffy pellet was resuspended carefully 
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in a small volume of buffered 300 teM mannitol, leaving the 
dark brown mitochondrial contamination undisturbed. 
(vi) The suspension thus obtained was homogenized by Douncer 
(Wheaton, USA) or passed through a needle no. 21. Aliquots 
of membrane suspension were quickly frozen for protein and 
enzyme analyses. Transports of solutes were determined on 
the day of the experiment in freshly prepared membrane as 
described later. 
METHODS FOR ANALYSES 
A. Serum Deproteination : 
The serum samples were deproteinated by adding 4.5 ml 
3% TCA to 0.5 ml serum. After 10 min. incubation at room 
temperature the samples were centrifuged at 2000xg (4000 rpm 
in Remi Centrifuge) for 10 min. Supernatant was used to 
quantitate serum creatinine and inorganic phosphate (Pi) and 
the precipitate for total serum phospholipid (PL). 
Cholesterol was determined directly using serum samples. 
B. Drine analysis : 
Urinary phosphate (Pi) and creatinine (Cr) was 
determined in diluted (1:25 with water) urine as described 
below. 
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i) Quantitative determination of Creatinine : 
Creatinine was determined by the method of Levinson and 
MacFate (174). 
Solutions Used : 
10% NaOH - 10 gm NaOH dissolved in 100 ml 
distilled water. 
Saturated Picric Acid - 2.5 gms of Picric acid was 
dissolved in 100 ml distilled 
water. The undissolved picric 
acid was filtered through 
Whatman No. 1 filter paper. 
Procedure : 
To 1 ml of the serum supernatant and diluted urine, 1 
ml 10% NaOH and 4 ml saturated picric acid were added and 
incubated for exactly 20 min. A calibration curve was 
prepared simultaneously using a known concentration of 
creatinine solution ranging between 2.0-50 yg. The samples 
and the standards were read at 520 nm in Spectronic 20 
spectrophotometer (Bausch and Lomb) against a reagent blank, 
ii) Determination of Inorganic Phosphate : 
Inorganic phosphate was measured according to the 
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method of Tausky & Shorr (175). 
Solutions Deed : 
Ferrous sulfate (FeS04) - 5 gm of FeS04 was dissolved 
in 10 ml 10% (w/v) Ammonium 
molybdate in 10 N H2SO4 and 
was diluted to 100 ml with 
distilled water. 
Procedure : 
An aliquot of the sample was made to 1.8 ml with 
distilled water and 1.2 ml of freshly prepared FeS04 reagent 
was added. A calibration curve was prepared simultaneously 
with test samples using the known concentration of potassium 
dihydrogen orthophosphate (0.018 ymoles to 0.28 ymoles) 
solution as standard. The blue colour obtained was read 
after 20 min at 820 nm in Spectronic 20 spectrophotometer 
(Bausch & Lomb) against a reagent blank. 
iii) Quantitative Determination of Total Serum Phospholipids 
(PL) : 
Phospholipids were determined by the method as 
described by Bartlet (176), and modified by Marinetti (177). 
Inorganic Pi released after digestion with perchloric acid 
was measured by the method as described by Tausky and Shorr 
(175). 
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Solutions Used : 
Perchloric Acid (70%) 
FeSO^ reagent (described as above in Pi determination). 
Procedure : 
The precipitates obtained from deproteination of serum 
by TCA were digested with 1.0 ml perchloric acid (70%) on an 
electric digestion unit for about 45 min. On cooling to room 
temperature 1.0 ml distilled water was added to all the 
tubes. 0.5 ml aliquots were used to determine the phosphate. 
The phosphate was determined by the method of Tausky and 
Shorr (175) as described above. A calibration curve was 
simultaneously prepared by using known concentration of 
potassium dihydrogen orthophosphate (1.8 vg to 36 vg) 
solution as standard. The phospholipid values were obtained 
after multiplying the phospholipid phosphorous by a factor 
of 25. 
iv) Quantitative Determination of Cholesterol : 
Cholesterol was estimated by the method of Zlatkis et 
al (178). 
Solutions Used : 
Glacial Acetic acid 
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Ferric Chloride (FeCls) FeCl3 reagent was prepared by 
diluting 1 ml of 10% ferric 
chloride (w/v) in glacial 
acetic acid to 100 ml of con-
centrated sulfuric acid. 
Procedure : 
To 3 ml of acetic acid, 30 yl of serum sample was 
added. To this, 2 ml of FeCl3 reagent was carefully added 
from the side of the tube to allow the formation of a brown 
ring. The tubes were shaken thoroughly, cooled and colour 
density was read in a Bausch and Lomb Spectronic-20 
spectrophotometer at 560 nm against a reagent blank. A 
cholesterol solution of known strength (0.02 to 0.2 mg) 
prepared in glacial acetic acid was used to prepare a 
calibration curve. 
C. Enzyme Assays : 
The enzymes of carbohydrate metabolism were assayed in 
cortical (isolated from WC, SC & JMC) and liver homogenates 
and marker enzymes of brush border membrane were measured in 
respective CH(s) and BBMV(s). All the enzymes were assayed 
at zero order kinetics unless otherwise specified. One unit 
of enzyme is defined as the amount of enzyme required to 
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catalyze the formation of one ymol of product per hour (or 
min) under the specified experimental conditions. Specific 
activity is defined as the enzyme units per mg of enzyme 
protein. 
1. Assay of carbohydrate metabolism enzymes : 
The assays were carried out by measuring the extinction 
changes in a Calbiometer at 340 nm in a final volume of 3.0 
ml at room temperature (28-30 C). The net reaction rate was 
measured by the difference of the extinction values obtained 
from addition of the substrate and for actual enzymic 
reaction following the addition of the substrate. 
a) Glucose-6-phosphate dehydrogenase - (D-glucose-6-
phosphate : NADP Oxidoreductase : EC 1.1.1.49) : The enzyme 
was measured by the method of Shonk & Boxer (179). Reaction 
mixture contained : Tris-HCl buffer, pH 7.4, 150 vmoles; 
MgCl2 10 vmoles; glucose-6-phosphate 5 vmoles; NADP 0.24 
vmoles and 0.6-1.2 mg enzyme protein. Increase in absorbance 
at 340 nm was followed for 5 min. 
b) Lactate dehydrogenase - (L-lactate; NAD Oxidoreductase; 
E.G. 1.1.1.27) : The enzyme was assayed by the method of 
Romberg (180). The reaction mixture contained ; Tris-HCl 
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buffer, pH 7.4, 150 ymoles, MgCl2 10 vmoles; sodium pyruvate 
5 ymoles; NADH 0.24 ymoles and enzyme protein 4.0-6.0 yg. 
Decrease in absorbance at 340 nm was followed for 5 min. 
c) Malic enzyme (L-malate : NADP Oxidoreductase : E.G. 
1.1.1.40) : The enzyme was assayed by the procedure of Ochoa 
(181). The reaction mixture contained : Tris-HCl buffer, pH 
7.4, 100 ymoles; MnCl2 10 ymoles; L-malic acid 5 ymoles; 
NADP 0.24 ymoles and 0.6-1.2 mg enzyme protein. Increase in 
absorbance at 340 nm was recorded for 5 min. 
d) Glucose-S-phosphatase (D-glucose-6-phosphate phospho-
hydrolase : E.C. 3.1.3.9) : This enzyme was assayed 
according to the method of Swanson (182) as modified by 
Shull et al (183). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 50 ymoles; MgCl2 10 ymoles; glucose 6-
phosphate 10 ymoles; and enzyme protein 2-3 mg. The reaction 
was stopped with 1.0 ml of 10% TCA after 60 min and 
phosphorus estimated in the protein free supernatant by the 
method of Tausky & Shorr (175). 
e) Fructose 1,6-biaphosphatase (D-fructose-1,6 diphosphate 
1-phosphohydrolase : E.C. 3.1.3.11) : This enzyme was 
assayed by the method of Freedland and Harper (184). The 
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reaction mixture contained : Tris-HCl buffer, pH 8.6; 50 
ymoles; MgCl2 10 ymoles; cysteine-HCl 12 ymoles; fructose 1-
6 diphosphate lOpmoles; and enzyme protein 600-800 yg. The 
reaction was stopped by the addition of 1.0 ml 10% TCA after 
60 min and the phosphorous was estimated in the protein free 
supernatant by the method of Tausky & Shorr (175). 
ii) Marker brush border membrane enzymes assay : 
The enzymes were assayed simultaneously in CH and 
BBMV(s) wherever applicable under similar conditions by 
using same solutions to avoid day-to-day experimental 
variations. Aliquots of CH and BBMV(s) were diluted with 10 
mM Tris-HCl buffer, pH 7.5 to obtain suitable enzyme protein 
concentrations. 
a) Alkaline phosphatase (AlkPase) (E.C. 3.1.3.3.1) : This 
enzyme was assayed according to the method of Shah et al 
(117) as described by Kempson et al (144). The reaction 
mixture contained : 1.4 ml assay buffer (glycine 55 mM; NaCl 
36 mM; NaOH 45 mM; pH 10.5); 100 yl enzyme (35-40 yg for CH, 
4-8 yg protein for BBMV). The reaction was started with 15 
yl p-nitrophenyl phosphate (5.8 mM final concentration) and 
incubated at ST'C for the required time (5-20 min). The 
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reaction was stopped by the addition of 50 yl of 5N NaOH. A 
calibration curve of p-nitrophenol (0.01-0.20 ymoles) was 
also prepared simultaneously. The colour obteiined was read 
at 405 nm in Spectronic-20 spectrophoto-meter (Bausch & 
Lomb). 
b) r-Glutamyl transpeptidase (GGTase) (E.G. 2.3.2.2) : 
This enzyme was assayed by the method of Glossman and 
Neville (185) as described by Kempson et al (146). The 
reaction was started by the addition of 100 yl enzyme (15-20 
yg for CH, 2-5 yg protein for BBMV) 1.9 ml substrate buffer 
(MgCl2 20 mM; g-glutamyl-p-nitroanilide 2 mM; glycyl-glycine 
4 mM; Tris-base 100 mM; pH 8.2) and incubated at 37'C for 
the required time 5-15 min). The reaction was stopped with 
100 yl 15 M acetic acid. A calibration of p-nitroaniline 
(0.025-0.20 ymoles) was prepared simultaneously. The colour 
obtained was read at 405 nm against a reagent blank in 
Spectronic-20 spectrophotometer. 
D. Protein determination : 
Protein was measured by a modified method of Lowry et 
al (186) as described by Shah et al (117). The sample was 
made to 0.8 ml with 0.5% SDS. In timed sequence 2.0 ml 
alkaline copper reagent was added and exactly after 10 min 
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of incubation at room temperature (RT) 0.2 ml Folin's 
reagent (IN) was added with brisk shaking and incubated for 
30 min at RT. A calibration curve of BSA (5-80 yg) was 
prepared simultaneously. The blue color thus obtained was 
read at 660 nm against a reagent blank in Spectronic-20 
spectrophotometer (Bausch & Lomb). 
E. Transport : 
Transport of phosphate (Pi), and L-proline was usually 
carried out by rapid filtration technique as described 
earlier by Yusufi et al (172) and briefly described as 
follows -
32 3 
Transport of Pi, and H-L-proline was determined in 
either the presence or in the absence of Na-gradient (NaCl 
or KCl in the medium) unless otherwise specified. In actual 
procedure 15 yl BBMV suspension was delivered in triplicate 
and kept on ice. The samples were preincubated for 1 min at 
25 *C and the transport was started by adding 30 yl 
incubation media in a final volume of 45 yl (unless 
otherwise specified) containing 100 mM mannitol, 100 mM NaCl 
(or 100 mM Kcl) and 5 mM Tris-HEPES, pH 7.5 and either 0.1 
32 3 
mM Pi or 0.025 mM [ H]-L-proline. Transport was stopped 
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after a specified time by adding ice cold stop reagent 
containing 135 mM NaCl, 10 mM Na-arsenate, 5 mM Tris-HEPES, 
pH 7.5 and quickly filtered through 0.45 ym Millipore 
filter. The filter was washed thrice with the stop reagent. 
After filtration, the filters containing membrane associated 
transporting molecules (radioisotope) were counted in a beta 
counter (Reck beta, LKB Wallac) with 10 ml of scintillation 
fluid (Cocktail-T, SRL). 
F. Statistical analysis of the data : 
All data are expressed as the Mean+SEM at least for 
three separate experiments. To determine statistical 
significance, the data were evaluated using the Student's t-
test (group or paired). 
RESULTS 
52 
I. Effect of Ij 3_, 5 d Fasting and 2 D Fasting r 2 d 
Refeeding on the Structure, Metabolism and Transport 
Functions of Proximal Tubule 
Equal number (4 rats each) of albino rats (Wistar 
strain) in groups were housed in separate cages and were 
stabilized on a standard rat pellet diet (Amrut, 
Maharashtra, India) and ad libetum of 1% glucose water seven 
days before starting the experiment. Body weights of rats 
were recorded before and after introducing fasting in the 
rats. 
1(A) Effect of Ij 3j 5 d Fasting on Structure, Metabolism 
and Transport Functions of Renal Proximal Tubules 
Isolated from Superficial (SO and Juxtamedul lary 
Cortex (JMC) 
The present study describes the effect of 1, 3 or 5d 
fasting on (a) serum and urine biochemical parameters, (b) 
cellular metabolism in renal cortex and liver, (c) the 
activities of BBM-marker enzymes and, (d) transport 
functions of renal proximal tubular brush border membrane 
(BBM). 
Experimental Design 
The experiments were conducted on Wistar rats of either 
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sex. The rats of 100-125 g body weight were housed in 
separate cages. As shown in Fig. 5 four groups of rats (4 
rats per group) were stabilized on a standard diet for seven 
days and were given ad libetum water for drinking. The rats 
were then fasted for 1, 3 or 5 d as indicated and received 
1% glucose-water for drinking during the fasting period. One 
group of rats received standard rat diet (NPD) and 1% 
glucose-water was used as control. The body weights were 
recorded before and upon completion of the experiment. Blood 
and urine were collected and the kidneys and livers 
harvested and utilized for further analyses as described in 
"Methods". The results of study are summarized as follows : 
1 DAY FAST 
I I 
3 DAYS I FAST I 
NPD 
5 DAYS I FAST 
NPD (NORMAL) 
2 3 6 7 
Days 
8 10 11 12 
Fig. 5 
a) Body Weights and Weights of Kidneys and Renal Cortex : 
The effect of 1, 3, or 5 d fasting was determined on 
the body, the kidney and renal cortical tissue weights. As 
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shown in Table 1, the control rats on continuous feeding 
showed a significant increase (+42%) in the body weights as 
compared to the weights recorded at the start of the 
experiment (106.25+0.54). However, fasted rats lost their 
body weights accordingly. Fasting for 1 d did not produce 
any significant change in the body as well as kidney or the 
cortical tissue weights. However, 3 or 5 d fasting resulted 
in the significant lowering of body weight. The kidney and 
cortical tissue weights were also declined. 
b) Serum and Drine Analyses : 
The results (Table 2A, 2B) showed that the content of 
serum and urinary creatinine was not affected by upto 5 d 
fasting indicating a normal functioning of the kidney. 
However, serum Pi declined but the statistical significance 
was obtained only in 5 d fasted rats (Table 2A) while 
urinary Pi was significantly and progressively lowered by 3 
and 5 d fasting (Table 2B). No significant effect of 1 d 
fasting was observed on serum or urine Pi and serum 
phospholipids (PL) and cholesterol (Ch). However, serum PL 
and Ch significantly increased upon 3 or 5 d fasting (Table 
2A) and Ch/PL ratio was declined after 5 d fasting. 
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c) Effect on the Structure and Tranaport Properties of 
Renal Proximal Tubules from Whole Cortex or from 
Superficial and Juxtamedullary Cortex 
The effect of 1, 3, and 5 d fasting was determined on 
the brush border membranes isolated either from whole renal 
cortex (WC) or from superficial (SO and juxtamedullary 
(JMC) cortices. The activities of certain BBM marker enzymes 
were determined for structural studies while the transports 
32 3 
of Pi and L-( H)-proline were determined to assess the 
functional properties of BBMV(s) isolated from rat renal 
cortex during fasting. 
(i) BBM marker enzymes in BBMV-WC, BBMV-SC and BBMV-JMC : 
The activities of alkaline phosphatase (AlkPase) and T-
glutamyl transpeptidase (GGTase) in BBMV-WC, BBMV-SC and 
BBMV-JMC are summarized in Table 3A and 3B. The effect of 
fasting was differentially observed on the activities of the 
above enzymes. The activity of AlkPase declined in BBMV-SC 
(-14%) significantly in 1 d fasted rats compared to NPD-
control rats. The activity was further declined after 3 and 
5 d fasting and the effect was in proportion to the duration 
of fasting (Table 3A). In cortical homogenates (CH), the 
activity tended to decrease (-10%) after 1 or 3 d fasting 
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Fig.10 Effect of fasting on the speci f ic a c t i v i t i e s of (A) 
AlkPase and (B) GGtase i n BBMV(s) from WC, SC, JMC . 
Resul ts are Mean + SEM from 3 separate experiments. 
* S ign i f ican t ly d i f ferent from cont ro l , p < .05 or higher 
degree of s ignif icance by group t - t e s t . 
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but statistically significant decrease (-20%) was observed 
only after 5 d fasting. 
When the effects of 1, 3, and 5 d fasting on BBM enzyme 
activities were analyzed in BBMV(s) isolated from 
superficial (BBMV-SC) and juxtamedullary cortex (BBMV-JMC), 
the fasting of rats resulted in the reductions of enzyme 
activities (Table 3A; Fig. lOA, lOB) but differentially from 
those of BBMV-WC effects (Table 3A) . The activity of AlkPase 
was markedly affected by 1 and 3 or 5 d fasting. There 
appeared to be greater decline in BBMV-SC than in BBMV-JMC. 
However, the effect was most prominent in BBMV-JMC after 5 d 
fasting. The activities were also lowered in SC-H after 1, 3 
and 5 d but only after 5 d fasting in JMC-H (Table 3A) . 
On the other hand, the activity of GGTase was 
differentially affected by fasting (Table 3B; Fig. lOB). In 
contrast to AlkPase the activity of GGTase was greatly and 
significantly lowered in the BBMV-WC of both 1 d (-17%) and 
3 d (-39%) fasted rats. However, unlike AlkPase, the 
activity of GGTase was significantly increased (+32%) in 5 d 
fasted rats as compared to 3 d fasted rats. In CH, the 
activity remained unchanged after 1 or 3 d fasting while the 
activity was also increased significantly in 5 d fasted 
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rats. The activities of both AlkPase and GGTase in all BBMV 
preparations in control and fasted rats were several folds 
higher (x 5-9) from those of the respective CH values 
indicating a similar enrichment of the enzymes in BBMV 
preparations in control and fasted rats. In contrast to 
AlkPase, the activity of GGTase was lowered to greater 
extent in BBMV-JMC than in BBMV-SC after 1 and 3 d fasting 
(Table 3B). As was observed in BBMV-WC (Table SB), the 
activity of GGTase also increased in 5 d fasted rats as 
compared to 3d fasted rats more so in BBMV-JMC than in 
BBMV-SC. The activity of GGTase was also lowered in JMC-H 
after 1 and 3 d fasting and then significantly increased in 
5 d fasted and compared to 3 d fasted rats. However, no 
significant effect of fasting was observed on GGTase 
activity in SC-H (Table 3B). Kinetic studies on the effect 
of fasting in BBMV-WC indicate that the decrease in the 
activities of AlkPase and GGTase by fasting was due to 
decrease in both Vmax and Km values (Table 4A, 43 & Figs. 
11, 12, 13). In the case of AlkPase however, the Vmax were 
greatly reduced than Km values (Table 4A), while both Vmax 
and Km similarly but effectively lowered after 1 and 3 d 
fasting. However, in 5 d fasted rats where the activity of 
66 
GGTase was increased, both Vmax and Km were increased (Table 
4B) . 
Kinetic analyses in BBMV-SC indicate that decrease in 
AlkPase activity by fasting was largely due to the reduction 
in Vmax values, however, Km values were also altered but not 
to the similar extent (Table 4A; Fig. 12A, 12B). The 
decrease in GGTase activity in ] and 3 d fasted rats was due 
to marked reductions of both Vmax as well as Km values in 
BBMV-JMC(s). However, both Vmax and Km sharply increased in 
5 d than 3 d fasted rats. The increase in Vmax and Km values 
were greater in BBMV-SC than in BBMV-JMC (Table 4B; Fig. 
13A, 13B) which were even higher than in control rats. 
ii) The effect of Ij 3j and 5 d fasting on certain enzymes 
of carbohydrate metabolism in SCy JMC and liver : 
To study the effect of fasting on the metabolic 
activity of kidney, the activities of certain enzymes 
related to carbohydrate metabolic pathways such as 
glycolysis, TCA cycle, HMP-shunt pathway and gluconeogenesis 
were determined in the homogenates of superficial (SC-H) and 
juxtamedullary (JMC-H) cortex. The metabolic activity of 
kidney due to fasting was also compared with that of the 
liver. The activity of LDH, a representative enzyme of 
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TABLE-5 
Effect of fasting on the specific activities of (A) LDH, (B) MDH 
in homogenates of SC, JMC and liver 
Group 
Enzyme Activity 
SC-Homogenate JMC-Homogenate Liver Homogenate 
(A) LDH 
Control 44.70+2.63 59.6011.56 50.96±3.17 
1 d fasting 
3 d fasting 
5 d fasting 
41.00±0.35 
(-8.2%) 
36.01+0.29 
(-19.4%) 
i 
26.70+1.06 
(-40.2%) 
49.80+1.92 
(-16.4%) 
39.16+1.38 
(-34.2%) 
28.20 + 1.27' 
(-52.6%) 
47.40+0.94 
(-7.0%) 
45.00+0.70 
(-11.6%) 
39.40+0.09 
(-22.6%) 
(B) MDH 
Control 106.50+0.39 130.90+0.60 113.50+3.81 
1 d fasting 
3 d fasting 
101.20+0.84 
82.90+0.79' 
(-22.1%) 
125.80+0.28 
104.60+1.15' 
(-20%) 
106.40+1.50 
95.50+1.20 
(-15.8%) 
5 d fasting 62.70+0.42 
(-41.4%) 
67.50+1.00 
(-48.4%) 
94.60+1.68 
(-16.6%) 
Results (specific activities expressed as vinol/mg protein/hr) are 
Mean+SEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
The value in parentheses denotes percent change from Control 
values. 
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glycolysis was differentially affected by fasting in the 
kidney tissues and the liver (Table 5A; Fig. 14A). In 
control rats the activity of LDH appears to be higher in 
JMC-H than SC-H or L-H. The activity of LDH declined in all 
the tissues upon fasting. It was lowered progressively in 
proportion to the duration of fasting in the kidney and the 
liver. The effect of fasting was greater in the kidney 
tissues than in the liver. The effect of 1, 3 or 5 d fasting 
on the activity of LDH was more pronounced in JMC-H compared 
to SC-H where the activity was lowered to greater extent 
(50%) only after 5 d fasting (Table 5A; Fig. 14A). 
The activity of MDH, the enzyme of TCA cycle was 
similarly altered by fasting. The activity was not 
significantly declined after 1 d fasting in all three 
tissues. The decreasing effect due to fasting was greater in 
SC and JMC compared to liver. The activity of MDH was 
decreased to similar extent both in SC-H and JMC-H after 3 d 
fasting. However, the effect of 5 d fasting appeared to be 
slightly greater in JMC-H than in SC-H (Table 5B; Fig. 14B). 
The activities of FBPase and G6Pase (gluconeogenic enzymes) 
in contrast to LDH and MDH were significantly increased in 1 
d fasted rats. The increase of FBPase was much greater in 
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TABLE-6 
Effect of fasting on the specific activities of (A) FBPase, 
(B) 66PaBe in homogenates of SC, JMC and liver 
Group 
Enzyme Activity 
SC-Homogenate JMC-Homogenate Liver Homogenate 
(A) FBPase 
Control 9.38+0.12 
1 d fasting 14.20+0.48 
(+51%) 
* 
3 d fasting 16.70+0.38 
(+78%) 
* 
5 d fasting 18.04+0.23 
(+92%) 
<B) G6Pase 
Control 5.10+0.20 
1 d fasting 6.32+0.16 
(+24.0%) 
* 
3 d fasting 6.53+0.09 
(+28.0%) 
5 d fasting 9.88+0.18 
(+94.2%) 
7 . 9 0 + 0 . 1 7 
8 . 3 9 + 0 . 1 5 
(+6%) 
9 . 1 1 + 0 . 2 1 
(+15%) 
9 . 4 7 + 0 . 0 6 
(+20%) 
4 . 0 0 + 0 . 1 3 
4 . 7 8 + 0 . 0 9 
(+20 .0%) 
4 . 8 2 + 0 . 0 4 
( + 2 0 . 5 % ) 
5 . 1 9 + 0 . 1 2 
(+29 .7%) 
6 . 2 4 + 0 . 0 5 
6 . 5 0 + 0 . 1 0 
6 . 7 8 + 0 . 0 3 
( + 8 . 6 % ) 
8 . 6 3 + 0 . 4 0 
( + 3 8 . 0 % ) 
3 . 6 7 + 0 . 1 9 
4 . 2 0 + 0 . 1 0 
( + 1 4 . 0 % ) 
4 . 6 1 + 0 . 0 6 
( + 2 5 . 0 % ) 
5 . 4 1 + 0 . 3 7 
( + 4 7 . 0 % ) 
Results (specific activities expressed as ymol/mg protein/hr) are 
MeantSEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
The value in parentheses denotes percent change from Control 
values. 
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SC-H (+51%) as compared to JMC-H (+6%). Similarly the 
activity of G6Pase was also increased in SC-H (+24%) and 
JMC-H (+20%). The activities were further increased after 3 
d and 5 d fasting (Table 6A, 6B; Fig. 15A, 15B). In 5 d 
fasted rats the activity of FBPase and G6Pase increased to 
almost by 100% in SC-H, however only to 20-30% in JMC-H. The 
activities of FBPase and G6Pase were also changed in liver 
in the same direction as kidney enzymes did. However, as the 
decrease in LDH and MDH activities were less in liver, the 
increase in gluconeogenic enzymes were also less in fasted 
rats as compared to control rats (Table 6A, 6B; Fig. 15A, 
15B) . 
The activities of G6PDH (an enzyme of HMP-shunt 
pathway) and ME (an enzyme of biosynthetic importance 
together with G6PDH to supply NADPH) compared to control 
rats were also increased significantly in fasted rats both 
in the kidney and liver (Table 7A, 7B; Fig. 16A, 16B). The 
activity of G6PDH was increased markedly in SC-H (84%) and 
liver (105%) but to a lesser extent in JMC-H (16%) after 1 d 
fasting and further increased after 3 d fasting by 122^ 330*'i 
and 28% respectively in the above tissue homogenates, 
whereas after 5 d fasting it was sharply increasedd in SC-H 
73 
TABLE-7 
Effect of fasting on the specific activities of (A) G6PDB, (B) ME 
in homogenates of SC, JMC and liver 
Group 
(A) G6PDH 
Control 
1 d fasting 
3 d fasting 
5 d fasting 
(B) ME 
Control 
1 d fasting 
3 d fasting 
5 d fasting 
SC-Homogenate 
214+26.0 
394+4.0 
(+84%) 
476+5.0 
(+122.4%) 
614+6.0 
(+186.9%) 
733+23 
806+14 
815+8.0 
(+11.2%) 
936+2.0 
(+27.6%) 
Enzyme Activ 'ity 
JMC-Hoinogenate 
379+6.0 
441+5.0 
(+16.3%) 
484+2.0 
(+27.7%) 
1390+30.0 
(+266.7%) 
821+8.0 
1090+1.0 
(+32.7%) 
1120+14.0 
(+36.4%) 
1330+14.0 
(+61.9%) 
Liver Homogenate 
63+1.0 
129+12.0 
(+104.7%) 
271+1.0 
(+330.0%) 
339+6.0* 
(+438.0%) 
343+3.0 
355+3.3 
433+5.8* 
(+26.2%) 
489+2.0 
(+42.5%) 
Results (specific activities expressed as ymol/mg protein/hr) are 
Mean+SEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
The value in parentheses denotes percent change from Control 
values. 
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(187%) and L-H (438%) and also profoundly increased in JMC-H 
(266%) after 5 d fasting (Table 7A; Fig. 16A). 
In contrast to G6PDH, the activity of ME was 
significantly increased only in JMC-H (33%) and not in SC-H 
and L-H after 1 d fasting (Table 7B; Fig. 16B). Further, 
increase in the activity was also observed in JMC-H (36%) 
and it was increased significantly in L-H (26%) in 3 d 
fasted rats but not in SC-H (+11%). The activity was 
however, further increased after 5 d fasting both in kidney 
tissues (+62% JMC; +28% SO as well as in the liver (43%). 
The maximum affect of 5 d fasting was observed in JMC-H 
(62%). 
iii) Effect of Ij 3j and 5 d fasting on the transport of 
32 3 
—Pi and "H-L-Proline by BBMV(s) isolated from whole 
cortex superficial and juxtamedullary cortex : 
The effect of 1, 3, and 5 d fasting was determined on 
32 3 
the transport of Pi and H-L-Proline in BBMV(s) isolated 
from whole cortex. As shown in Table 8 (Fig. 17), the 
32 
transport of Pi in the presence of a Na-gradient (Nag > 
Naj^ ) was markedly lowered (-58%; -43%) by 1 d fasting in the 
initial uphill phase (5s and 20s). The Na-gradient-dependent 
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Fig.17 Effect of fasting on time course of Na-gradient 
dependent 32pj^  uptake by BBMV(s) of whole cortex. 
Results are Mean + SEM from 3 separate experiments 
*Significantly different from Control, p < .02 or 
higher degree of significance by group t-test. 
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Fig . 18 Effec t of fast ing on t ime course of Na- g r a d i e n t 
dependent ^^Pi uptake by BBMV(s) from (A) SC and 
(B) JMC. 
R e s u l t s are Mean + SEM from t h r e e sepa ra t e e x p e r i m e n t s . 
* S i g n i f i c a n t l y d i f f e r e n t from con t ro l p < .05 o r h i g h e r 
degree of s ign i f i cance by group t - t e s t . 
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transport of 32Pi was further declined after 3 or 5 d 
fasting by -65% and -72% at 5s and by -44% and -56% at 20s, 
respectively. The marked decrease in Na-dependent uptake of 
32 
Pi was also apparent when calculated as A % (percent 
32 
overshoot). The transport of Pi, however, was not affected 
when determined at 120 min either in the presence (NaCl in 
the medium) or absence of a Na-gradient (NaCl is replaced by 
KCl in the incubation medium). 
As shown in Table 8 (Fig. 18), when analyzed Na-
32 
gradient-dependent (NaQ > Naj^ ) uptake of Pi was also 
significantly lowered both in BBMV-SC and BBMV-JMC in the 
initial uphill phase by 1 day fasting. It was further 
decreased progressively after 3 d and 5 d fasting in both 
32 
BBMV-SC and BBMV-JMC. The effect of fasting on Pi uptake 
appeared to be greater in BBMV-SC than in BBMV-JMC. The Na-
dependent uptake at equilibrium (120 min) was also not 
altered by fasting both in BBMV-SC and BBMV-JMC. 
32 
Kinetic analyses of Pi transport indicate that the 
32 
decrease in the uptake of Pi by fasting was due to marked 
decrease both in Vmax and Km values (Table 9; Fig. 19). A 
significant decline in Vmax and Km values was observed by 1 
d fasting. Although Vmax and Km values were further 
80 
TABLE-9 
32 
Effect of fasting on kinetic parameters of Na-dependent Pi 
uptake as a function of an external Pi concentration by BBMV-SC 
and BBMV-JMC. 
BBMV-SC 
Group 
Vmax 
(pmol/mg protein 
/lO sec) 
-3 
KtnxlO M 
BBMV-JMC 
Vmax 
(pmol/mg protein 
/lO sec) 
-3 
KmxlO M 
Control 2352.9 1.37 1538.4 0.95 
1 d fasting 1176.4 
(-50%) 
3 d fasting 727.2 
(-69%) 
5 d fasting 563.3 
(-76%) 
0.76 
(-45%) 
0.52 
(-62%) 
0 .4 
(-70.8%) 
8 8 8 . 8 
(-42%) 
5 3 3 . 3 
(-65%) 
4 7 0 . 5 
(-69%) 
0 .54 
(-43%) 
0 .36 
(-62%) 
0 .32 
(-66.3%) 
Results were obtained from Lineweaver-Burk plot (Fig. 19). 
The value in parentheses denotes percent change from control value. 
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Fig. 19 Effect of fasting on Lineweaver-Burk plot of 
Na-gradient dependent 32pi uptake as a function 
of an external Pj^  concentration by (A) BBMV-SC 
and (B) BBMV-JMC. 
Curve was drawn with the mean value of 3 separate experimen 
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decreased after 3 and 5 d fasting but relatively to a lesser 
extent. The reduction in Vmax values due to fasting was 
greater in BBMV-SC than in BBMV-JMC (Table 9; Fig. 19). 
In the same preparation of BBMV(s), the Na-gradient 
3 
dependent uptake of H-L-Proline was also significantly 
lowered in the initial uphill phase (5s) by 1 d (-23%) and 3 
d (-40%) fasting but not after 5 d fasting. The decrease in 
the transport was dependent on the duration of fasting. 
After 5 d fasting Na-dependent uptake of L-proline however, 
was markedly increased (+60%) as compared to 3 d fasting 
values and returned back towards control values (Table 10). 
The Na-dependent and Na-independent uptakes of L-proline at 
equilibrium point (120 min) were not altered by 1, 3, or 5 d 
fasting, indicating similar intravesicular volume in 
different groups of rats. 
3 
The transport of H-L-proline as observed in the BBMV-
WC was also decreased in the initial uphill phase only after 
1 and 3 d fasting but not after 5 d fasting (Table 10) both 
32 in BBMV-SC and BBMV-JMC. Like Pi uptake, the uptake of L-
proline appeared to be greatly affected in BBMV-SC than in 
BBMV-JMC. Similar to BBMV-WC the uptake of L-proline was 
83 
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increased in 5 d fasted as compared to 3 d fasted rats both 
in BBMV-SC and BBMV-JMC. The Na-dependent uptake at 120 min 
was not affected by 1, 3, or 5 d fasting. 
K B ) . Effect of Fasting and Fasting-Refceding on the 
Structure and Functions of Renal Cortical Proximal 
Tubules 
As fasting of rats resulted in the alterations of 
certain BBM and metabolic enzyme activities and BBM 
32 
transport of Pi and L-proline in the proximal tubules, an 
experiment was designed to determine whether refeeding to 
the rats with an NPD can reverse the effects of fasting. 
Experimental Design 
As shown in Fig. 6, three groups of rats entered 
simultaneously in the studies and were stabilized on a 
standard (NPD) diet for 7 d. One group of rats were 
continued on an NPD and used as Control (Group I). The rats 
in Group-II and III were fasted for 2 d. While the rats in 
Group-Ill were refed with an NPD for 2 d, the rats in Group-
II were continued to fast for another 2 d. All rats during 
the experiment received 1% glucose water for drinking. Upon 
completion of the experiment the rats were lightly 
anesthetized with ether, blood and urine samples were 
85 
collected as described in "Methods" and kidneys were 
removed. The body weights of the rats were recorded at the 
start of the experiment and on the day of sacrifice. Serum 
and urine were analyzed for certain biochemical parameters. 
BBMV(s) were isolated from whole cortex (BBMV-WC), 
superficial (BBMV-SC) and deep (BBMV-JMC) cortices and the 
32 
activities of BBM-marker-enzymes, and transports of Pi and 
3 
H-L-proline were determined in BBMV-WC, BBMV-SC and BBMV-
JMC to determine the effect of fasting and refeeding. 
NPD 
FRF (Fasted-Refed) GPIII 
r 
FAST 
NPD 
(Gil) 
(GPI) 
1 
6 7 
Days 
10 11 
Fig. 6 
(a) Body and Kidney Weights : 
The control rats gained weight during 4 d experiment 
period. The rats fasted for 4 d resulted in the loss of body 
weight as also observed earlier (Table 1). The body weight 
of fasted-refed rats was slightly higher than their initial 
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body weight but lower than those of control rats as can be 
expected. The weights of kidney and cortical tissue were 
slightly lowered by fasting and recovered during refceding 
(Table 11). 
b) Serum and urine parameters : 
There was no effect of fasting and fasting-refeeding on 
serum and urinary creatinine contents (Table 12A, 12B). 
Serum and urine Pi were significantly declined in fasted as 
compared to control rats and were slightly improved by 
refeeding of fasted rats but not significantly (Table 12A, 
12B). There was a significant increase in serum PL (+39%) 
and Ch (+29%) in fasted rats than control rats. However, 
serum PL content was normalized by refeeding but serum Ch 
was slightly increased than fasted rats. However, Ch/PL 
ratio slightly decreased in fasted rats, while it was 
significantly increased (+43%) in fasted-refed rats and even 
surpassed the control values. 
c) The activities of BBM-marker enzymes in BBMV-WC, BBMV-
SC and BBMV-JMC : 
As observed earlier the activities of AlkPase and 
GGTase in BBMV-WC were significantly decreased by fasting 
(Table 3A, 3B). The effect of fasting for 4 d was much 
88 
H 
I 
U 
CO 
< 
0) 
c 
c 
•H 
•P 
<C 
U 
13 
C 
0) 
•H 
a< 
0) 
c 
• H 
D 
n 
CQ 
u 
4J 
E 
u 
c 
0 
c 
•H 
t3 
0) 
c 
c 
•H 
m 
(0 
<w 
*4-l 
0 
u 
Q; 
t « 
<w 
u 
0 
•r l 
4J 
(fl 
U 
00 
I f ) 
o 
o 
m 
m 
o 
o 
n 
CO 
o 
o 
0 
OJrH 
4J e 
-H e 
o -
00 
•H 
a -
^ e 
0 
04 
c e 
C !S 
•H 0) 
(0 0 
QJ g 
In 3. 
CN 
+1 
• CN 
+1 • 
• + 
+1 • 
00 r^ 
• + 
PO ^ r n ^ 
( 1 ) - . 
J j r - I 
(c e 
^ \ 
Q J D ^ 
0! ; i 
0 -
£ 
a, 
CN 
O 
• 
+1 
H 
a\ 
• 
H 
* 
rH 
O -^ 
•<A» 
+1 ro 
VOrH 
y j 1 
• > t ^ ^ 
H 
* '-' 
r H * » 
0 ( N 
• • 
+ I O 
CNrH 
r^ 1 
• ~^ 
H 
CN 
rH 
+1 
00 
ID 
IT) 
• 
(N 
+1 
ID 
O 
• 
(N 
(N 
OOdvO 
+1 • 
rocn 
• ro 
(yi + 
ro ^ 
CTi 
(N 
• 
CN 
+1 
VD 
H 
(N 
in 
CN 
• 
+1 
in 
• 
CN 
+1 
CN 
CO 
CN 
& 
0 
0 
X4 
0 
rH 
0 
^ 
4J 
c 0 
u 
01 
c 
•H 
4-> 
(Q 
(0 
M-l 
T) 
H 
O) 
C 
D1H 
C T 3 
•H 0) 
4J (U 
03M-I 
dJ 0) 
«H XH 
nsv 
CNCN 
4) ^ 
C - - I 
•H g 
c-^ H to 
4-> (U 
(flrH 
0) 0 
u g 
U 3i 
s.*' 
i) 
4 J ^ 
(C rH 
X e 
a ^ 03 a> 
0 ^ 
A ^ 
Cu 
CQ 
3 
0 
u 
O 
o 
00 
• 
o 
+1 
r* 
o 
• 
H 
CO 
O 
f^ 
» 
O 
+1 
n 
»t 
• 
rH 
f - l 
0 
U 
+J 
C 
0 
a 
OS 
fO 
• 
rH 
+1 
0 \ 
o 
• 
o 
ro 
« 
H 
rH 
• 
o 
+1 
as 
^ 
i n 
• 
m 
•t-i 
o 
CO 
• 
o 
ro 
ro 
- s O — 
• A<> 
i 9 O 0 0 
^ + 1 • 
H ^ j i o 
as c ^ o CN 
• • • 1 
O ^ H > - ' 
cn 
c 
•H 
JJ 
02 
CO 
<+H 
TJ 
xt 
01 
c 
D^H 
c-n 
•H 0) 
+J 0) 
01 >M 
(0 0) 
HH ^ 
Tj-rs 
CNCN 
3 a; 
0 3 
1M • -H 
O^+J OJ 
o: > ji d) 
O - U - i 
<0 I 0 
<U 4.) X^  
4-) 
c Q^c 
•H 3 0 
o o 
w u 
•p o ^ e 
(13 0 
^ « w 0 
O -H 
r-nn (u v 
O 0> CO 
II • C X4 
fO 
C s / X T J 
CJ-H 
LI OJ O I 
0 +J -H 
rH Q) 0 
S 0 0 J3 
CO -P dJ CO +1 C Oi 0 
C O X 
<TJ U 03 Qj 
(U (U 
S S + J 03 
0 0 3 
01 U C 01 
( O m c) i^ 
TS 0) 
T3 4J > 
0} C 03 
03 CD 0 ) ^ 
03 LI 03 0 
(U (U (1) !H 
! H M H ; C OJ 
X H C 03 
0)13 OJ fl^ 
0) ( D O 
OJ'-H U 
+J C 
0! C - H II 
+ i (0 
rH 0 0) 0 
3 - H 3 H 
om- j rH 4-) 
4 ) - H (0 (B 
iH C > L I 
01 
a ) -H 0)04 
x ; w j 3 \ 
£« * E H O 
89 
greater on the activity of GGTase (-43%; Table 13B, 20B) 
than AlkPase (-14%; Table 13A, 20A). Refeeding to fasted 
rats resulted in the increase of BBMV(s) enzyme activities. 
The activity of AlkPase was slightly increased (+11%) while 
the activity of GGTase was profoundly increased (+83%). When 
the effect of fasting and refeeding was analyzed in BBMV-SC 
and BBMV-JMC, the activities of both AlkPase and GGTase were 
greatly decreased by fasting and then increased due to 
refeeding in BBMV-JMC than in BBMV-SC. However, the 
activities of both the enzymes recovered towards the control 
values. 
d) Effect of fasting and fasting-refeeding on the 
activities of certain enzymes of carbohydrate 
metabolism in superficial and juxtamedullary cortex and 
the liver homogenates : 
As observed earlier (Table 5A, 5B), 4 d fasting 
resulted in marked decrease of LDH and MDH activities. The 
decrease was evidently greater in JMC-H (-42%, -50%) than 
SC-H (-30%, -18%) (Table 14A, 14B; Fig. 21A, 21B). Refeeding 
to fasted rats resulted in significant increase in the 
activity of the above enzymes towards the control values. 
However, the recovery was greater in SC-H than JMC-H. In 
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Fig. 20 Effect of fasting and refceding on the specific 
activities of (A) AlkPase and (B) GGtase in BBMV{s) from 
WC, SC, JMC . Results are Mean ± SEM from 3 separate 
experiments. 
* Significantly different from control, p < .05 or higher 
degree of significance by group t-test. 
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TABLE-14 
Effect of fasting and refeeding on the specific activities of 
(A) LDH, (B) MDH in homogenates of SC, JMC and liver 
Group 
Enzyme Activity 
SC-Homogenate JMC-Homogenate Liver Homogenate 
(A) LDH 
Control 40.16+1.03 52.80+2.66 44.40+7.18 
4 d fasting 27.88+1.30 30.30+1.26 31.80+0.24 
(-30.5%) (-42.6%) (-28.3%) 
2 d fasting 38.24+0.89 46.76+3.66 41.64+1.01 
2 d refeeding 
(B) MDH 
Control 141.70+11.30 176.10+1.23 151.10+3.26 
4 d fasting 116.60+5.39 88.10+4.50 136.90+3.37 
(-18%) (-50%) (-9.4%) 
2 d fasting 134.90+10.10* 150.30+1.50' 146.73+11.50 
2 d refeeding 
Results (specific activities expressed as vmol/mg protein/hr) are 
Mean+SEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
* 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
I 
'significantly different from 4 d fasted rats, p < .05 by group 
t-test. 
The value in parentheses denotes percent change from Control 
values. 
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Fig. 21 Effect of fasting and refeeding on the specific 
activities of (A) LDH and (B) MDH in homogenates 
of SC,JMC and liver. 
Results are Mean +_ SEM from 3 separate experiments 
•Significantly different from Control, p<.05 or 
higher degree of significance by group t-test. 
I Significantly increase from 4d fasted rats, 
'D < -05 . 
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contrast to LDH and MDH, the activities of FBPase, G6Pase 
(gluconeogenic enzymes), G6PDH (HMP-shunt pathway) and ME 
(biosynthetic importance) were significantly increased in 4 
d fasted rats (Table 15A, 15B; Fig. 22A, 22B). The increase 
of FBPase and G6Pase was markedly greater in SC-H, while 
G6PDH and ME were markedly increased in JMC-H than SC-H. 
Refeeding to fasted rats resulted in the complete 
normalization in the activities of above metabolic enzymes 
(Table 16A, 16B; Fig. 23A, 23B). The activities of the 
metabolic enzymes in L-H of fasted rats were affected to 
lesser extent than the kidney enzymes except the activity of 
G6PDH which was changed to much greater extent than the 
kidney enzyme. Refeeding of rats was also able to bring down 
the enzyme activities towards the control values (Table 16A; 
Fig. 23A). The results indicate differential effects of 
fasting and fasting-refeeding on the enzymes of carbohydrate 
metabolism in SC-H, JMC-H and L-H. 
e) Effect of fasting and fasting-refceding on the 
32 
transport of —Pi in BBMV-WC, BBMV-SC and BBMV-JMC : 
The results summarized in Table 18 indicate that Na-
32 
gradient dependent (Na^ > Naj^ ) transport of Pi in the 
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TABLE-15 
Effect of fasting and refeeding on the specific activities of 
(A) FBPase, (B) GGPase in homogenates of SC, JMC and liver 
Group 
Enzyme Activity 
SC-Homogenate JMC-Homogenate Liver Homogenate 
(A) FBPase 
Control 7.86±0.31 5.82+0.47 4.46*0.14 
4 d fasting 14.32+0.75 
(+82.2%) 
6.50+0.57 
(+12%) 
5.05+0.29 
(+13.4%) 
2 d fasting 
2 d refeeding 
(B) GSPase 
Control 
8.06+0.61 
6.56+0.51 
5.88+0.25 
4.16+0.70 
4.28+0.40 
3.99+0.17 
4 d fasting 
2 d fasting 
2 d refeeding 
9.68+0.20 
(+47.6%) 
5.80+0.28 
1 
4.96+0.23 
(+19.2%) 
4.40+0.26 
4.62+0.19 
(+16%) 
3.71+0.14 
Results (specific activities expressed as ymol/mg protein/hr) are 
Mean+SEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
* 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
I 
'significantly different from 4 d fasted rats, p < .05 by group 
t-test. 
The value in parentheses denotes percent change from Control 
value 
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Fig. 22 Effect of fas t ing and refeeding on the specif ic 
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SC/ JMC and Liver . 
Results are Mean + SEM from 3 separa te experiments. 
* Signif icant ly different from cont ro l , p < .05 or higher 
degree of s ignif icance by group t - t e s t . 
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TABLE-16 
Effect of fasting and refeeding on the specific activities of 
(A) G6PDH, (B) ME in homogenates of SC, JMC and liver 
Group 
Enzyme Activity 
SC-Homogenate JMC-Homogenate Liver Homogenate 
(A) G6PDH 
C o n t r o l 357 .00+20 .0 4 4 9 . 6 0 + 1 9 . 3 0 137.66+11.60 
4 d f a s t i n g 875 .50+21 .40 1 3 6 3 . 3 0 + 4 7 . 5 0 604.16+19,02 
(+145%) (+203%) (+339%) 
2 d fasting 323.80+40.30* 446.00+23.90* 146.20+9.93* 
2 d refeeding 
(B) Malic Enzyme 
Control 827.30+11.70 856.00+10.80 408.80+5.80 
4 d fasting 956.25+29.00 1178.75+12.10 544.10+9.90 
(+15.6%) (+38%) (+33%) 
2 d fasting 829.00+34.40* 846.80+29.70* 403.80+4.80* 
2 d refeeding 
Results (specific activities expressed as nmol/mg protein/hr) are 
Mean+SEM of three different preparations. Each preparation 
includes kidneys from 4 rats in each group. 
* 
Significantly different from Control, p < .05 or higher degree 
of significance by group t-test. 
Significantly different from 4 d fasted rats, p < ,05 by group 
t-test. 
The value in parentheses denotes percent change from Control 
values. 
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Fig. 23 Effect of fasting and refeeding on the specific 
activities of (A) G6PDH and (B) ME in homogenates of 
SC,JMC and liver. 
Results are Mean jh SEM from 3 separate experiments. 
•Significantly different from control, P<.05 or 
higher degree of significance by group t-test. 
!Significantly decreased from 4d fasted rats, 
p < .05. by group t-test. 
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initial uphill phase (5s and 20s) was significantly lowered 
upon 4 d fasting (Table 16; Fig. 24). However,, the uptake at 
120 min was not altered as also observed earlier (Table 8). 
The refeeding of fasted rats resulted in the significant 
32 increase of Na-gradient dependent transport of Pi but was 
still lower than the control values. The Na-dependent uptake 
32 
of Pi at 120 min (Table 17) and Na-independent uptake of 
32 •• 
Pi at 30s or 120 min in the presence of a K -gradient (KQ 
> Kj^ ) were not altered by fasting or refeeding. 
32 
The effect of fasting and fasting-refeeding on the Pi 
uptake was also determined in BBMV-SC and BBMV-JMC. The 
results summarized in Table 17 indicate that Na-gradient 
32 
dependent Pi uptake in the initial uphill phase (5s) was 
significantly lowered after 4 d fasting (Fig. 24, 25). The 
effect appeared to be greater in BBMV~SC than in BBMV-JMC. 
32 
The recovery of Pi uptake due to refeeding to fasted rats 
was also observed to be more in BBMV-SC than in BBMV-JMC. 
Kinetic analyses also showed similar observations (Table 18; 
Fig. 26A, 26B). 
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• id*o»tinQ-Jdrttt«dtng 
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.005 
( B ) ( • 
Control 
4d fasting 
2 a totting - I d r«t«tding 
Fig. 26 Effect of fasting and refeeding on Lineweaver-Burk 
plot of Na-gradient dependent 32pj^  uptake as a 
function of an external Pj^  concentration by 
(A) BBMV-SC and (B) BBMV-JMC 
Curve was drawn with the mean value of 3 separate experiments 
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II. Effect of Islamic Fasting on the Structure, 
Carbohydrate Metabolism and Transport Functions of 
Renal Cortical Proximal Tubules 
The present study describes the effect of Islamic 
fasting (IF) which includes successive 12 hr fasting (7 am-
7pm) and 12 hr feeding (7 pm-7am) for 30 days on (a) Various 
serum and urine biochemical parameters, (b) Cellular 
metabolism in renal cortex and liver, (c) the activities of 
BBM-marker enzymes and, (d) transport functions of renal 
proximal tubules of whole, superficial and juxtamedullary 
cortices in the isolated BBMV(s). 
Experimental Design 
Wistar rats of mixed sex weighing about 200-230 g used 
in the study were initially adapted on a standard diet for 
atleast seven days. The rats were then separated into two 
groups (12-16 rats per group) as illustrated in Fig. 7. One 
group was put on Islamic fasting (12 hr fasting-12 hr 
feeding) with standard diet and ad libitem drinking water 
for 30 days while the other group received standard diet for 
the same period and was used as control. During Islamic 
fasting the rats were allowed free access to the diet and 
water in the night for 12 hr while they were fasted for 12 
106 
hr in the day time. The body weights were recorded before 
and after completion of the experiment. Blood and urine were 
collected and the kidneys and livers harvested and utilized 
for further analyses as described in "Methods". The results 
of the study are summarized as follows : 
IF (ISLAMIC FASTING) 
12 hr fasting - 12 hr refeeding 
CONTROL (NPD) 
NPD 
< 7 Days •X- 30 Days 
Fig. 7 
(a) Body Weight and Weights of Kidney & Renal Cortex : 
The body weight of the rats after Islamic fasting (IF) 
significantly declined (-20%) but to much lower than what 
was observed by 5 d fasting as compared to the weights 
recorded at the start of the experiment (219.16+5.70) while 
it was not changed m the control rats. Similarly the kidney 
weight (-18%) was also slightly lowered and no significant 
change was observed in the weight of renal cortex (Table 
19). 
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(b) Serum and Urine Analyses 
Serum and urinary creatinine was not affected by 
Islamic fasting indicating a normal functioning of the 
kidney (Table 20A, 20B). However, in contrast to 5 d fasting 
serum inorganic Pi was significantly increased (+39%) while 
urinary Pi was significantly lowered (-31%) m response to 
IF. Also in contrast to 1-5 d fasting serum phospholipids 
(PL) decreased significantly (-34%) but serum cholesterol 
remained unchanged (Table 20A). This resulted in the 
significant increase of Ch/PL ratio (+50%) after Islamic 
fasting. 
(c) Effect on the Structure and Transport Properties of 
Renal Proximal Tubules of Whole Cortex or of 
Superficial and Juxtamedullary Cortices 
The activities of certain marker enzymes of BBMV(s) 
like Alkaline phosphatase (AlkPase) and T-glutamyl 
transpeptidase (GGTase) were determined for structural 
32 
studies while the transport of Pi was determined to assess 
the functional properties of BBMV(s) isolated from rat renal 
cortex after Islamic fasting (IF). 
(i) BBM-marker enzymes in BBMV-WC, BBMV-SC and BBMV-JMC : 
As shown m Table 21A, 21B; Fig. 27A, 27B the 
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activities of both AlkPase and GGTase were declined by -24% 
and -34% in BBMV-WC after 30 d of Islamic fasting. When 
further analyzed the activities of the enzymes were also 
lowered in BBMV-SC and BBMV-JMC but differentially. A 
greater decline of AlkPase was observed in BBMV-SC (-25%) 
than in BBMV-JMC (-15%) while the activity of GGTase was 
greatly lowered in BBMV-JMC (-44%) than in BBMV-SC (-25%). 
However, the activities were not changed significantly in 
respective homogenates in response to Islamic fasting. 
The kinetic analyses revealed that the reduction in the 
activity of AlkPase due to Islamic fasting in BBMV-WC, BBMV-
SC and BBMV-JMC to a greater extent were due to greater 
decline in Vmax values in WC (-36%), SC (-43%) and JMC (-
25%) and the Km values were also lowered (Table 22A; Fig. 
28A, 29). Similar results were obtained in the decrease of 
GGTase activity. However, both Vmax and Km values were 
lowered to greater but similar extent. The changes appeared 
to be greater in BBMV-JMC than m BBMV-SC (Table 22B; Fig. 
28B, 30). 
(ii) Enzymes of carbohydrate metabolism : 
Islamic fasting resulted in marked decrease of LDH and 
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MDH activities in homogenates prepared from whole cortex 
(Table 23A, 23B; Fig. 31A, 31B). However, bhe effect of 
fasting was less potent as compared to 5 d fasting. The 
effect on LDH was evidently much greater in JMC-H (-21%) and 
was not changed significantly m SC-H. The activity of LDH 
was also lowered significantly m L-H (Table 23A; Fig. 31A). 
The activity of MDH compared to LDH significantly 
declined m WC-H (-45%) (Table 23B; Fig. 31B). In contrast 
to LDH, the decrease in MDH activity was much greater m SC-
H (-33%) than in JMC-H (-18%). In L-H, MDH was slightly 
lowered (-14%) after IF. The activities of FBPase and G6Pase 
(gluconeogenic enzymes) on the other hand were increased 
significantly by Islamic fasting (Table 24A, 24B; Fig. 32A, 
32B) as were also observed by 1-5 d fasting. However, 
Islamic fasting resulted m profound increase of FBPase 
activity (+124%) while G6Pase (+21%) was moderately 
increased in WC-H. The increase of FBPase activity was found 
to be much greater m SC-H (+96%) as compared to JMC-H 
(+15%). The increase m G6Pase activity was also greater m 
SC-H and did not change significantly in JMC-H and L-H. The 
effect of Islamic fasting was also determined on the 
activities of G6PDH (an enzyme of HMP-shunt pathway) and ME 
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(an enzyme of biosynthetic importance) together involved in 
the supply of NADPH. The activity of G6PDH significantly 
increased in all the kidney tissues and liver (Table 25A; 
Fig. 33A) while the activity of ME significantly decreased 
in the kidney but increased in L-H. As evident from Table 
25B, (Fig. 33B) the rise in G6PDH activity in the kidney was 
more pronounced in SC-H (+95%) than in JMC-H (+25%). 
The activity of ME on the other hand was significantly 
decreased by IF in WC-H (-36%) and marked decline was 
observed in JMC-H (-25%) compared to SC-H (-12%). The effect 
of IF on ME activity appeared to be more prominent in JMC-H 
while G6PDH was affected in SC-H (Table 25A, 25B; Fig. 33A, 
33B). In L-H, the activity of ME was also increased but not 
to the same extent as was observed for G6PDH. 
32 iii) Effect of Islamic Fasting (IF) on the transport of —Pi 
by BBMV(s) 
(a) BBMV(s) isolated from whole cortex : 
32 
As shown in Table 26 (Fig. 34), the transport of Pi 
in the presence of a Na-gradient (Na^ > Na-j^ ) was 
significantly increased (+53%, +35%) by IF in the initial 
uphill phase (10s and 30s) as compared to control values and 
32 . 
Pi uptake was not affected at equilibrium (120 min) by IF. 
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TABLE-27 
Effect of Islamic fasting on kinetic parameters of 
Na-dependent Pi uptake as a function of an external 
Pi concentration by BBMV<s) from whole cortex., 
-3 
Group Vmax Km x 10 M 
(pmol/mg protein/lOs) 
Control 1250.00 0.087 
Islamic fasting 2040.81 0.140 
(+64%) (+62%) 
Results were obtained from Lineweaver-Burk plot (Fig. 35). 
The value in parentheses denotes percent change from Control 
value. 
128 
.005 r 
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Fi9. 35 Effect of Islamic fasting on Lineweaver-Burk plot of 
gradient dependent ^^Pi uptake as a function of 
external Pi concentration by BBMV-WC. an 
Curve was drawn with the mean value of 3 separate experiments 
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32 
The significant increase in Na-dependent uptake of Pi was 
also apparent when calculated asA% (percent overshoot). The 
32 
transport of Pi was however, not affected when determined 
at 30 sec & 120 min in the absence of a Na-gradient (NaCl is 
replaced by KCl in the incubation medium). Kinetic analyses 
32 
revealed (Table 27; Fig. 35) that Pi uptake was markedly 
enhanced by IF due to the marked increase m both Vmax 
(+64%) and Km (+62%) values alike. 
b) BBMV(s) isolated from superficial (SO & juxtamedullary 
(JMC ) cortex : 
The results summarized m Table 28 (Fig. 36) indicate 
32 
that Na-gradient dependent Pi uptake at the initial time 
phase (10s, 30s) was significantly increased by IF. The 
effect was appeared to be greater in BBMV-SC (+37%, +25%) as 
compared to BBMV-JMC (+14.5%, +10%) where only a small 
increase was observed which was statistically not 
significant. The uptake remained unchanged at 120 m m . 
Kinetic parameters illustrated in Table 29 (Fig. 37) show 
both Vmax t+72%) and Km (+61%) were similarly increased due 
to Islamic Fasting. Moreover, greater change was observed in 
BBMV-SC (Vmax +72%, Km +61%) and only a small change (Vmax 
32 22%, Km 10%) was observed in BBMV-JMC. The Pi uptake at 
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JMC. 
of an 
BBMV-
Curve was drawn with the mean value of 3 separate experiments 
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TABLE-30 
Effect of Islamic fasting on K-gradient dependent (KQ>KJ^) 
uptake of Pi in BBMV-SCand BBMV-JMC. 
BBMV-SC BBMV-JMC 
Group 
30 sec 120 min 30 sec 120 min 
Control 391.50il0.55 522.40*9.62 237.20+17.19 316.00+12.37 
Islamic 405.00+12.35 540.80+13.94 242.70+18.59 323.20+15.07 
fasting 
Results (pmol/mg/protein) are Mean+SEM of three different preparations. 
Each preparation includes kidneys from 3-4 rats in each group. 
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30s or 120 min in the presence of a K + -gradient (K^ > Kj^ ) 
was not altered (Table 30) by IF both in BBMV-SC and BBMV-
JMC fractions. 
Ill Effect of High Carbohydrate and High Protein Diet on 
Renal Proximal Tubules 
The present study describes the effect of high 
carbohydrate and high protein diets on (a) various serum and 
urine biochemical parameters, (b) cellular metabolism in 
renal whole, superficial and JM-cortex and liver, (c) the 
activities of marker BBM-enzymes and, (d) transport 
functions of renal proximal tubular brush border membrane 
(BBM) isolated from WC, SC and JMC tissues. 
HPD (HIGH PROTEIN DIET) 
NPD 
1 
HCD (HIGH CARBOHYDRATE DIET) 1 
CONTROL (NPD) 1 
1 
< 7 Days X - 28 Days 
F i g . 8 
Experimental Design 
The experiments were conducted on Wistar r a t s of e i t h e j 
136 
sex. The rats of 150-175 g body weight were housed in 
separate cages. As shown in Fig. 8 three groupn of rats (9-
12 rats per group in each experiment) were stabilized on a 
standard diet for seven days and were given ad libetum water 
for drinking. The rats were then fed with a dirt either rich 
in carbohydrate (HCD) on in protein (HPD) for 28 days. One 
group of rats received standard diet <NPD) and was used as 
control. The body weights were recorded before and upon 
completion of the experiment. Blood and urine wrre collected 
accordingly and the kidneys and livers harvested and 
utilized for further analyses as described in "Methods". The 
results of the study are summarized as follows : 
a) Body weights and weights of kidneys and renal cortex : 
The effect of high carbohydrate and high protein diets 
was determined on the body, the kidney and renal cortical 
tissue weights. As shown in Table 31 the rats eating high 
carbohydrate diet (HCD) showed a significant gain (+57%) m 
the body weights as compared to the weights recorded at the 
start of the experiment (163.30±0.720). The body weight of 
the rats feeding on high protein diet (HPD) also showed a 
significant but greater increase (+74%) as compared to their 
starting body weights. The body weight in the control rats 
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feeding on standard rat pellet diet also showed small 
increase (+19%). However, greater increase was observed in 
the rats feeding either HPD or HCD. The kidney and cortical 
tissue weights also increased significantly m both HCD and 
HPD fed animals. However, kidney weight/body weight ratio 
remained the same in all groups of rats. 
b) Serxun and urine analyses : 
The results (Table 32A & B) showed that serum and 
urinary levels of creatinine were not affected by feeding 
of either HCD or HPD indicating a normal functioning of the 
kidney. However, serum inorganic Pi significantly increased 
(+29%) in HCD fed rats and significantly decreased (-30%) in 
HPD fed animals (Table 32A) while urinary Pi was 
significantly lowered (-21%) in HCD and significantly 
enhanced (+19%) in HPD rats. Serum phospholipids (PL) and 
cholesterol (Ch) were not changed significantly in both HCD 
and HPD. 
c) Effect on the structure and transport properties of 
renal proximal tubules from whole cortex or from 
superficial and juxtaroedullary cortex 
The effect of HCD and HPD was determined on the 
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activities of marker BBM-enzymes in the brush border 
membranes isolated either from whole cortex (WC) or from 
superficial (SO and juxtameduUary (JMC) cortex. 
The activities of alkaline phosphatase (AlkPase) and T-
glutamyl transpeptidase (GGTase) in BBMV(s) isolated from 
whole cortex, superficial and deep cortex in rats fed either 
with HCD and HPD are summarized in Table 33A & B, Fig. 38A & 
B respectively. The effect of HCD and HPD on the enzyme 
activities was differentially observed. In the WC, the 
activity of AlkPase significantly increased (+18%) in HCD 
fed rats compared to NPD fed control rats (Table 33A) . 
Further analysis indicated that the activity of AlkPase 
greatly increased in BBMV-SC (+36%) than in BBMV-JMC (+20%) 
in HCD fed animals (Table 33A). In respective cortical 
homogenates, the enzyme activity tended to increase but the 
data was not statistically significant. 
In contrast, the activity of GGTase was significantly 
lowered (-15%) in BBMV-WC of HCD fed rats as compared to the 
NPD fed controls (Table 33B). Unlike AlkPase, the activity 
of GGTase was significantly declined (-20%) to much greater 
extent in BBMV-JMC than BBMV-SC (-10%). However, no 
significant effect of HCD on GGTase activity was observed in 
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Fig.38, Effect of high Carbohydrate and high protein diets on the 
specific activities of (A)AlkPase (B)GGtase in BBMV(s) 
from WC, SC, JMC. 
Results are Mean + SEM from 3 separate experiments. 
* Significantly different from control, p< .05 or higher 
degree of significance by group t-test. 
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WC-H, SC-H and JMC-H. As shown in Table 33A, in contrast to 
HCD, the activity of AlkPase however significantly decreased 
in BBMV-WC (-22%) in HPD rats as compared to the NPD rats. A 
greater decline was however found in BBMV-SC (-29%) than 
BBMV-JMC (-16%). The AlkPase activity tended to decrease 
significantly in WC-H, SC-H and JMC-H. As indicated in Table 
33B the activity of GGTase increased (+45%) significantly in 
BBMV-WC in HPD fed rats. A greater increase in GGTase 
activity was observed in BBMV-JMC (+55%) than BBMV-SC 
(+19%). The activities in the CH from WC, SC & JMC however 
not affected significantly. 
Kinetic analyses indicate that the increase in AlkPase 
activity in HCD fed animals was largely due to the increase 
in Vmax values (+38%). However, Km values were ailso altered 
(+19%) but not to the similar extent (Table 34Ai; Fig. 39A & 
40). Similarly, decrease in the activity of AlkPase in HPD 
fed rats was also largely due to the decline in Vmax values. 
The Vmax effect by HCD or HPD on AlkPase activity was much 
clear ly demonstrated in BBMV-SC as compared to BBMV-JMC and 
increase by HPD were distinctly observed in the kinetic 
studies. Marked reduction by HCD or profound increase in the 
activity of GGTase by HPD were due to marked decrease in 
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F i g - 39 Effect of high Carbohydrate and high p ro te in d i e t s on 
i i^r , !^^^^-^"^^ P l ° t °f (A) AlkPase (B)lGta3e in BBMV(s) from WC. 
Curve was drawn with the mean value of 3 separate experiment 
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Fig. 40 Effect of high Carbohydrate and high protein diets on 
Lineweaver-Burk plot of AlkPaae in BBMV(s) from (A) SC 
and (B) JMC 
Curve was drawn with the mean value of 3 separate experiments 
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Vmax values but with increased Km values in HCD rats, while 
in HPD rat the Vmax values markedly increased (+50%) while 
the Km values markedly declined (-40%). Further analysis 
revealed that decreased activity of GGtase in BBMV-SC and 
BBMV-JMC of HCD rats was decrease in Vmax values only while 
Km values were not changed. The effect was more pronounced 
in BBMV-JMC as compared to BBMV-SC. In contrast, the Vmax 
values of GGTase activity markedly increased however with 
increased Km values but greately in BBMV-JMC than in BBMV-SC 
by HPD diet (Table 34B; Fig. 39B & 41). 
ii) The effect of HCD and HPD on certain enzymes of 
carbohydrate metabolism in WC, SC, JMC and liver 
To study the effect of HCD and HPD on the metabolic 
activity of kidney, the activities of certain enzymes 
related to carbohydrate metabolic pathways such as 
glycolysis, TCA cycle, HMP-shunt pathway and gluconeogenesis 
were determined in the homogenates of whole (WC-H), 
superficial (SC-H) and juxtamedullary (JMC-H) cortex. The 
metabolic activity of kidney was also compared with that of 
the liver under the present experimental conditions. The 
activity of LDH, a representative enzyme of glycolysis 
increased in all the tissues in response to the diet rich in 
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carbohydrates (Table 35A; Fig. 42A). Similar increase was 
observed in the activity of the enzyme both m the WC-H 
(+42%) and liver (+40%). When analyzed further, the activity 
of LDH appeared to be greately increased in JMC-H (+35%) 
than SC-H (+15%). On the other hand, feeding of HPD resulted 
m the decrease m LDH activity in the liver and kidney 
tissues (Table 35A; Fig. 42A). The effect of HPD appeared to 
be greater in the kidney tissue (eg WC-H 59%) than liver 
(+36%). The effect on the enzyme activity was more 
pronounced m JMC-H (-45%) than in SC-H (-10%). 
The activity of MDH, the enzyme of TCA cycle was 
similarly altered as LDH by high carbohydrate and high 
protein diets (Table 35B; Fig. 42B). The activity of MDH was 
decreased to similar extent both in WC-H (+34%) and liver 
(+30%) by HCD. Unlike LDH, there appeared to be a greater 
and significant decline m MDH activity due to HCD in SC-H 
(+32%) than in JMC-H (+8%). High protein diet on the other 
hand resulted in a significant decline m MDH activity more 
in LH than in the kidney homogenates. Relatively greater 
decrease was observed m SC-H (-16%) than JMC-H (-4%). 
The activities of FBPase and G6Pase (gluconeogenic 
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* Significantly different from control, p< .05 or higher 
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154 
enzymes) were also affected but m the opposite directions 
by high carbohydrate and high protein intake. The activities 
of these enzymes significantly declined in all the tissues 
except JMC-H m response to HCD, while increased m all the 
tissues due to HPD. The enzyme activity was however greater 
m SC-H than JMC-H or even L-H. Similar affects of both HCD 
and HCD were obtained m WC-H and L-H. The decrease of 
FBPase and G6Pase by HCD and increase of these enzymes by 
HPD were greater m SC-H, while the activities of the 
enzymes were not altered significantly m JMC-H by these 
diets (Table 36A & B; Fig. 43A & B). 
The activities of G6PDH (an enzyme of HMP-shunt 
pathway) and ME ( an enzyme of biosynthetic importance 
together with G6PDH to supply NADPH) were also determined 
under the above two dietary conditions. The activities of 
these enzymes observed to be much higher m the kidney fhan 
the liver and differential effects of HCD and HPD were 
observed in these tisues (Table 37A & B; Fig. 44A & B). The 
activities of these enzymes were significantly decreased in 
kidney tissues while profoundly increased in L-H m response 
to HCD (Table 37A & B; Fig. 44A & B) . However, the enzymes 
were similarly increased both m the kidney and liver m 
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Fig. 44 Effect of high Carbohydrate and high protein diets on the 
specific activities of (A)G6PDH (B)ME in homogenates of 
WC, SC, JMC and liver. 
Results are Mean ± SEM from 3 to 4 separate experiments. 
* Significantly different from control, p< .05 or higher 
degree of significance by group t-test. 
157 
response to HPD. The effect of HCD and HPD was more 
pronounced on G6PDH activity than ME activity. The activity 
of G6PDH decreased to a greater extent m SC-H than JMC-H, 
while the activity of ME appeared to be altered more in JMC-
H than SC-H by HCD. The effects of HPD were similarly 
observed as can be evident from the data summarized m Table 
37B (Fig. 44B). The activity of G6PDH was greately 
increased in SC-H to greater extent than JMC-H, opposite was 
the case of ME which appeared to be greately increased in 
JMC-H m response to HPD. In L-H, the increase m the 
activities of G6PDH and ME was more pronounced by HCD than 
by HPD. 
Ill) Effect of high carbohydrate and high protein diets on 
32 
the transport of — Pi by BBMV(s) 
(a) BBMV(s) isolated from whole cortex 
The effect of HCD and HPD was determined on the 
32 
transport of Pi in BBMV(s) isolated from whole cortex. As 
32 
shown in Table 38 (Fig. 45), the transport of Pi m the 
presence of a Na-gradient (Na^ > Na^ )^ was markedly, increased 
(+38%), +50%) by HCD m the uphill phase (10s and 30s). The 
32 
Na-gradient dependent transport of Pi on the other hand 
wa s markedly decreased (-21%, -34.5%) in the uphill phase 
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2000 
1500 
^ o 
< J; 
•^  E 
Q. 
1000 
500 
• Control 
J X High Carbohydrate diet 
o High protein Diet 
-L VA 
10 30 
Sec Min 
Time Of Incubation 
120 
F i g . 45 Effect of high Carbohydrate and high protein d i e t s on 
time course of sodium-gradient dependent ^^Pi uptake by 
BBMV(s) from whole cortex. 
Results are Mean + SEM from 3 separate experiments. 
* Significantly d i f f e r e n t from control, p < .05 or h igher 
degree of s ignif icance by group t - t e s t . 
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TABLE-39 
Effect of high carbohydrate and ^ high protein diets on 
kinetic parameters of Na-dependent Pi uptake as a function 
of an external Pi concentration by BBMV(8) from vfhole 
cortex. 
Group Vmax 
(pmol/mg protein/10s) 
-3 
Km X 10 M 
Control 1666.6 0.131 
High Carbohydrate diet 4000.0 
(+140%) 
0.29 
(+121.4%) 
High Protein diet 1000.0 
(-40%) 
0.086 
(-34%) 
Results were obtained from Lineweaver-Burk plot (Fig. 46). 
The value in parentheses denotes percent change from Control 
value. 
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curve was drawn wl.h the .ean value of 3 separate experiments 
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(10s and 30s) by HPD. Moreover, equillibrium uptake of 32Pi 
was not altered either by HCD or HPD. The marked increase 
(in HCD) and decrease ( m HPD) in Na-dependent uptake of 
32 
Pi was also apparent when calculated as A % (percent 
32 
overshoot). The transport of Pi, however, was not affected 
when determined at 30s & 120 m m in the absence of a Na-
gradient (NaCl is replaced by KCl m the incubation medium). 
32 
Kinrtic analyse s of Pi transport indicates that the 
32 
uptake of Pi was markedly enhanced m HCD due to 
pronounced increase m both Vmax (+140%) and Km values 
(+121.4%) (Table 39; Fig. 46). The decline in the uptake of 
32 
Pi due to HPD feeding was also due to the decrease m both 
Vmax (-40%) and Km (-34%) values. 
32 b) Transport of —Pi in BBMV(3) isolated from superficial 
(SO and juxtamedullary cortex (JMC) 
As shown in Table 40 (Fig. 47A & B), Na-gradient 
32 
dependent 'Na^ > Yia.^) uptake of Pi was also significantly 
increased (+33%, +43%) m BBMV-SC in the uphill phase by HCD 
while it was markedly lowered (-21%, -30%) at the initial 
uphill phase (10 and 30s) by HPD feeding as observed earlier 
in the whole cortex studies. The effect of HCD and HPD 
appeared to be most profound m BBMV-SC than BBMV-JMC, where 
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2 0 0 0 - • Controt 
X High Corbohydrat* di*t 
o High prottln diet 
1500 
(A) 
5^ O 
< *-
*- a 
% ^ 1000 
a. — 
« 6 
a. 
-
500 
X .L 
10 30 
Time 01 Incubation 
120 
Min 
• Control 
X HighCorbohydroto 
ditt 
o HighProt»indi*t 
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10 30 
Tim* Of tncubotion 
120 
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Fig.47 Effect of high Carbohydrate and high protein d ie t s on 
time course of sodium-gradient dependent ^^Pi uptake by 
BBMV(s) from (A) SC and (B) JMC. 
Resul ts are Mean + SEM from 3 separate experiments. 
• Signif icant ly different from contro l , p < .05 or higher 
degree of significance by group t - t e s t . 
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o 
005 
004 
^ 9 
• 003 h 
• Control 
X High Carbohydrate diet 
o High Protein diet 
-15 -10 0 5 10 
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u 
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Fig .48 Effect of high Carbohydrate and high p r o t e i n d i e t s on 
Lineweaver-Burk p l o t of Na-gradient dependent •'^Pi uptake 
as a funct ion of an ex te rna l P^ c o n c e n t r a t i o n by (A) 
BBMV-SC and (B) BBMV-JMC. 
Curve was drawn wi th the mean va lue of 3 s e p a r a t e exper iments 
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TABLE-42 
Effect of high carbohydrate and high protein diets on K-gradient 
dependent (KQ>KJ) uptake of Pi in BBMV-SCand BBMV-JMC. 
BBMV-SC BBMV-JMC 
Group 
30 sec 120 min 30 sec 120 inin 
Control 131.87+5.05 174+12.67 127.57+2.89 153.66+2.82 
High Carbohy- 148.44+6.96 178+4.28 135.33+5.50 154.77+1.66 
drate diet 
High Protein 130+1.30 172.33+2.44 122.88+3.05 151.14+4.08 
diet 
Results (pmol/mg/protein) are Mean+SEM of three different preparations. 
Each preparation includes kidneys from 3-4 rats in each group. 
168 
the alteration were small m response to both in HCD & HPD. 
The Na-independent uptake at 30s and at 120 man was not 
altered by HCD and HPD both m BBMV-SC and BBMV-JMC (Table 
42) . 
32 
Kinetic analyses of Pi transport showed that the 
32 increase m the Pi uptake in HCD was largely due to the 
increase in Vmax values both in BBMV-SC (+150%) and BBMV-JMC 
(+25%) (Table 41; Fig. 48A & B). Vmax of the transport of 
32 
Pi was much higher in BBMV-SC than BBMV-JMC as also 
reported earlier (172). The significant decline in the 
32 
transport of Pi m response to HPD was also largely due to 
decrease in Vmax values both in BBMV-SC (-34%) and BBMV-JMC 
(-18%) (Table 41; Fig. 48A & B) rather than Km values. 
III. Effect of High fat Diet (HFD) on Renal Cortical 
Proximal Tubules 
The present study describes the effect of high fat diet 
(HFD) on (a) various serum and urine biochemical parameters 
(b) cellular metabolism m renal cortex and liver, (c) the 
activities of BBM-marker enzymes and, (d) transport 
functions of renal proximal tubular brush border membrane 
(BBM). 
169 
NPD 
HFD (HIGH FAT DIET) 
CONTROL (NPD) 
< — 7 Days — X - 60 Days 
Fig. 9 
Experimental Design 
All experiments were performed on Wistar rats initially 
weighing 180-225 g. The rats were adapted to a standard diet 
for atleast seven days as in other experiments. Afterwards, 
they were separated into two groups (12 rats per group) as 
shown in Fig. 9. One group was fed on a high fat diet (HFD) 
and the other was fed with a standard diet and used as 
Control. The animals were kept under these nutritional 
conditions for two months. The body weights were recorded 
before and after completion of the experiment. Blood and 
urine were collected and the kidneys and livers harvested 
and utilized for further analyses as described in "Methods". 
The results of the study are summarized as follows : 
a) Body weights and weights of kidneys and renal cortex : 
As shown in Table 43, the body weight of the rats 
feeding on high fat diet (HFD) declined slightly but not 
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significantly (-12%) as compared to the weights recorded at 
the start of the experiment (219.33+4.13). On the other hand 
the body weight of the control rats on continuous feeding on 
standard rat pellet diet showed an insignificant increase 
(+28%) as compared to the starting mean body v^ eight of rats. 
The kidney weight (-28.5%) and cortex weight (-8%) showed a 
significant decline in HFD fed animals. 
b) Serum and Drine Analyses : 
The results (Table 44A & B) indicate that serum and 
urinary creatinine remained unchanged by HFD suggesting a 
normal functioning of the kidney. However, serum inorganic 
Pi siginficantly increased (+27.5%) while urinary Pi was 
significantly lowered (-28%) by HFD. Serum phospholipids 
(PL) and cholesterol (Ch) showed a significant increase +23% 
and +58% respectively in response to HFD. Moreover, Ch/PL 
ratio was also increased (+28%) in HFD fed rats. 
cj Effect on the structure and Transport Properties of 
Renal Proximal Tubules from Whole Cortex or from 
Superficial and Juxtamedullary Cortex : 
The activities of certain marker enzymes of BBMV(s) 
were determined for structural studies while the transport 
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of 32Pi was determined to assess the functional pi-operties 
of BBMV(s) isolated from rat renal cortex after high fat 
diet intake. 
(i) BDM-marker enzymes in BBMV-WC, BBMV-SC and BBMV-JMC : 
As illustrated in Table 45(A), Fig. 49(A), the activity 
of AlkPase declined significantly in BBMV(s) isolated from 
WC by HFD. Further analyses showed a greater decline (-41%) 
in BBMV-SC than m BBMV-JMC (-19%) fraction. No 
statistically significant changes were found in cortical 
homogenates (CH) m response to HFD feeding. Similar 
decrease in the activity of GGTase was observed in BBMV-WC. 
However, a greater decline was observed in BBMV-JMC (-30%) 
m HFD ff^ d rats than m BBMV-SC (-15%). No statistically 
significant changes were found in respective homogenates 
(Table 45B; Fig. 49B). 
As shown m Table 46A & B, Fig. 50, 51, 52, the kinetic 
analyses revealed that the decline m the activities of 
AlkPase and GGTase was due to the reductions of both Vniax 
and Km values. In AlkPase, however, the decline m BBMV-WC 
was largely due to the decrease in Vmax (-60%) rather than 
Km (-30%) Larger effect was found in SC (-47%) than BBMV-JMC 
(-25%). Greater reductions in Vmax values are evident from 
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Fig. 49 Effect of high fat diet on the specific activities of 
(A)AlkPase (B)GGtase in BBMV(s) from WC, SC, JMC. 
Results are Mean + SEM from 3 to 4 separate experiments. 
* Significantly different from control, p< .05 or higher 
degree of significance by group t-test. 
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Pig-50 Effect of high fat diet on Lineweaver-Burk plot of (A) 
AlkPase (B)GGtase in BBMV(s) from WC. 
Curve was drawn with the mean value of 3 separate experiment 
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Fig. 51 Effect of high fat diet on Lineweaver-Burk plot of 
AlkPase in BBMV(s) from (A) SC and (B) JMC 
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Curve was drawn with the mean value of 3 separate experiments 
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kinetic parameters of GGTase (Table 46B; Ficj. SOB, 52). 
Larger effect of Vmax was observed in BBMV-JMC (-50%) than 
m BBMV-SC (-30%). The decrease obtained in Km values of 
GGTase was not significant. 
(ii) The effect of HFD on certain enzymes of carbohydrate 
metabolism in WC, SC, JMC and liver : 
The feeding of high fat diet resulted in reductions in 
the activities of LDH in the homogenates of k]dney as well 
as m liver (Table 47A; Fig. 53A). A greater decrease was 
observed m WC-H (-33%) than the liver (-17%). No 
significant change in SC-H was observed in LDH activity 
while the activity markedly lowered in JMC-H (-29%) by HFD. 
Similarly,the activities of MDH declined in the homogenates 
of cortex and liver but greater decrease was observed m WC-
H (-22%) than m L-H (-12%). The enzyme was significantly 
lowered in SC-H (-20%) and not m JMC-H (Table 47B; Fig. 
53B). In contrast, the activities of gluconeogenic enzymes, 
FBPase and G6Pase significantly increased m WC-H while 
significantly decreased in L-H (Table 48A & B; Fig. 54A & B) 
by HFD. The increase m the activities of FBPase (+25%) and 
G6Pase (+15%) was only observed m SC-H while the activities 
of these enzymes m JMC-H were not changed by HFD. In L-H 
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Fig. 53 Effect of high fat diet on the specific activities of (A) 
LDH (B)MDH in horaogenates of WC, SC, JMC and liver. 
Results are Mean ± SEM from 3 to 4 separate experiments. 
* Significantly different from control, p< .05 or higher 
degree of significance by group t-test. 
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(A)G6PDH (B)ME in homogenates of WC, SC, JMC and liver. 
Results are Mean + SEM from 3 to 4 separate experiments. 
* Significantly different from control, p< .05 or higher 
degree of significance by group t-test. 
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the decrease m the activity of G6Pase (-26%) was much 
greater than the activity of FBPase 1-16%) (Table 48A & B) . 
As indicated in Table 49A & B, Fig. 55A & B, the 
activities of both G6PDH and ME significantly decreased in 
WC-H by -25% and -40% and m L-H by -40% and -39% 
respectively. The activity of G6PDH was lowered however to 
greater extent in SC-H (-20%) than JMC-H (-15%) while the 
activity of ME declined to greater extent in JMC-H (-28%) 
than SC-H (-14%). 
32 (ill) Effect of high fat diet (HFD) on the transport of ~Pi 
by BBMV(s) 
(a) BBMV(s) isolated from whole cortex : 
The long term effect of HFD was determined on the 
32 
transport of Pi in BBMV(s) isolated from WC. As shown in 
32 
Table 50 (Fig. 56), the transport of Pi in the presence of 
a Nd-gradient (Na^ > Na^ )^ in the initial uphill phase (10s, 
30s) vvas markedly increased (-^ 25%, +24%) by HFD. The 
32 
significant increase in Na-dependent uptake of Pi was also 
apparent when calculated as A % (percent overshoot). 
32 
However, Pi uptake was not altered at the equillibrium 
(120 min) by HFD. It was also not affected when determined 
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Fig. 56 Effect of high fat diet on time course of sodium-
gradient dependent ^^ Pi uptake by BBMV(s) from whole 
cortex. 
Results are Mean + SEM from 3 separate experiments. 
* Significantly different from control, p < .05 or higher 
degree of significance by group t-test. 
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F i g . 57 Effect of high Fat d i e t on Lineweaver-Burk p l o t of Na-
32 gradient dependent '^'Pi uptake as a function of an 
external Pi concentration by BBMV-WC. 
Curve was drawn with the mean value of 3 separate experiments 
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TABLE-51 
Effect of bigh fat diet on kinetic paranieters of 
Na-dependent Pi uptake as a function of an external 
Pi concentration by BBMVis) from whole cortex. 
Group 
Control 
High fat diet 
Vmax 
(pmol/mg protein 
1081.08 
1600.0 
(+48%) 
710s) 
Km X 10 \ 
0.151 
0.217 
(+44%) 
Results were obtained from Lineweaver-Burk plot (Fig. 57). 
The value in parentheses denotes percent change from Control 
value. 
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at 30s and 120 min in the absence of a Na-gradient (NaCl is 
replaced by KCl in the incubation medium). 
32 
Kinetic analyses revealed that the Pi uptake was 
markedly enhanced in HFD group due to the marked increase in 
both Vmax (+48%) and Km (+44%) values (Table 51; Fig. 57). 
(b) BBMV (s) isolated from superficial (SO and juxtarnedu-
llary cortex (JMC) : 
The results summarized in Table 52 (F:ig. 58A & B) 
indicate that the initial (10s, 30s) Na-gradient dependent 
32 
Pi uptake was significantly increased after HFD feeding 
both in BBMV-SC and BBMV-JMC. However, the effect appeared 
to be greater in BBMV-SC (+21%, +34%) than BBMV-JMC (+9%, 
+11%). Moreover, the uptake was not altered at 120 min by 
HFD in both BBMV-SC and BBMV-JMC. Kinetic analyses showed 
greater effect on both Vmax (+39%) and Km (+26%) m BBMV-SC 
than in BBMV-JMC (Table 53; Fig. 59A & B). Table 54 shows 
32 
that the uptake of Pi at 30s or 120 min m the presence of 
+ 
a K -gradient (KQ > Kj^) was also not altered by HFD both in 
BBMV-SC and BBMV-JMC fractions. 
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Fig. 58 Effect of high fat diet on time course of sodium-
gradient dependent -^ P^i uptake by BBMV{s) from (A) SC and 
(B) JMC. 
Results are Mean + SEM from 3 separate experiments. 
* Significantly different from control, p < .05 or higher 
degree of significance by group t-test. 
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TABLE-53 
32. 
Effect of high fat diet on kinetic parameters of Na-dependent Pi uptake 
aa a function of an external Pi concentration by BBMV-SC and BMIV-JMC. 
BBMV-SC 
Group 
Vmax 
(pmol/mg protein/10 sec) 
-3 
KmxlO M 
BBMV-JMC 
Vraax KmxlO 
(pmol/mg progein/10 sec) 
Control 1600.00 0.131 869.56 0.114 
High fat diet 2222.22 
(+39%) 
0.166 
(+26%) 
1000.00 
(+15%) 
0.125 
(+9%) 
Results were obtained from Lineweaver-Burk plot (Fig. 59). 
The value in parentheses denotes percent change from control value. 
196 
(A) 
1. 
-10 
005 
U -OCA 
u 
* 
o 
.003 
• Control 
« High fat ditt 
5 10 15 
(B) 
1 ^ . 
> 
fT .1 
^^  
u 
•* 
M 
O 
c 
o 
w 
a 
6 
o 
£ 
a 
005 
•004 
•003 
002 -
• Control 
A High fat diet 
I 1 1 
-10 -5 5 10 
"cPj I lmM-^ 
15 20 
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gradient dependent ^^ Pl uptake as a function of an 
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Curve was drawn with the mean value of 3 separate experiments 
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TABLE-54 
Effect of high fat diet on K-gradient dependent (KQ>KJ^) 
uptake of Pi in BBMV-SCand BBMV-JMC. 
Group 
BBMV-SC BBMV-JMC 
30 sec 120 min 30 sec 120 min 
Control 114,38+5.64 152.45t6.66 104.25t9.47 139.20+5.50 
High fat diet 116.25+8.94 155.20+7.54 96.75+8.60 125.60+6.47 
Results (pmol/mg/protein) are Mean+SEM of three different preparations. 
Each preparation includes kidneys from 3-4 rats in each group. 
DISCUSSION 
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DISCUSSION 
It is well known that the kidney does not work to its 
full capacity under normal physiologic condition and it has 
the ability to adapt for its best capacity but 
differentially under many acute situations. The effect of 
dietary phosphorus intake on the structure and the functions 
of the kidney and especially on body Pi homeostasis is well 
characterized (5,31-39). The effect of starvation on the 
cellular metabolism and transport functions have been 
demonstrated (1,2,6,51,152-156). The dietary intake of high 
protein and high carbohydrate were shown to alter metabolic 
activity of the kidney (157-159). Effects of various drugs 
and hormones were also observed on the structure and certain 
functions of the kidney (32,35,39,93,98-122). Since the 
kidney is a heterogenous structure consisting of several 
tissue zones which inhabit internally in different 
environmental situations e.g. O2 tension (PO2) and 
composition of metabolites, therefore exhibit diverse 
metabolic activity and functional capacity. Additionally, 
the kidney is comprising of structurally and functionally 
distinct subsegments of the nephron, the fundamental unit of 
the kidney. The transport functions of the kidney are 
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largely dependent on the availability of ATP, the source of 
energy provided by various metabolic pathways. There appears 
to be a direct or indirect link between the metabolic 
activity and the function of especially the proximal tubular 
part of the kidney. Proximal tubule is the major regulatory 
metabolic and functional site in the kidney (26-30,40-42). 
In view of the above, the present work was undertaken 
to study in greater detail the effects of hunger 
(starvation), religious compulsion (Islamic fasting) and 
dietary imbalances (high carbohydrate, high protein and high 
fat) on the 
(a) Genera l body cond i t ions , 
(b) serum and u r ina ry biochemical p a r a m e t e r s , 
(c) a c t i v i t i e s of c e r t a i n enzymes of c a r b o h y d r a t e 
m e t a b o l i s m i n whole (WC), s u p e r f i c i a l (SC) and 
jux tamedu l l a ry cortex (JMC). 
(d) a c t i v i t i e s of marker BBM enzymes (AlkPase and GGtase) 
in t h e homogenates and BBMV(s) i s o l a t e d from WC, SC and 
JMC. 
(e) t r a n s p o r t s of -^^Pi and/or ^ H - L - p r o l i n e in BBMV-WC, 
BBMV-SC and BBMV-JMC. 
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1. General 
The resu l t s indicate tha t 1, 3 and 5 d fas t ing resu l ted 
in the l o s s of body w e i g h t s (Table 1) and t h e y were 
p a r t i a l l y regained when 2 d fasted ra t s were refed for 2 d. 
The kidney and cortex weights were also lowered by fas t ing 
and regained p a r t i a l l y by refeeding. On the other hand, the 
loss of body and kidney weights by IF and HFD (Table 19, 43) 
was r e l a t i v e l y smal l . However, the body and the kidney 
t i ssue weights were s ign i f i can t ly increased by the feeding 
of HCD and HPD (Table 31). 
2. Serum and Urinary biochemical parameters 
Serum and u r ina ry contents of c r e a t i n i n e were not 
a l t e r e d by f a s t i n g , r e f eed ing , IF, HCD, HPD or HFD, an 
indicator of normal kidney functions under these condi t ions . 
However, serum and u r i n a r y Pi were s i g n i f i c a n t l y bu t 
d i f f e r e n t i a l l y a l t e r e d by var ious d i e t a r y m a n i p u l a t i o n s 
(Tables, 2, 12, 20, 32, 44). Both serum and urine Pi were 
s ignif icant ly decreased by 3 and 5 d fasting but not by 1 d 
fasting (Table 2A & B). However, their levels were s l i g h t l y 
(but not completely) res tored upon refeeding (Table 12A & B) 
as also reported e a r l i e r (119). In contrast , IF, HCD and HFD 
caused s ign i f i can t i nc r ea se s in serum Pi l e v e l s whi le 
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urinary Pi levels were decreased under these conditions 
(Table 20, 32 & 44). On the other hand, serum Pi was lowered 
while urinary Pi increased by HPD (Table 32). 
The effect on serum PL and Ch in many of above 
situations was not characterized earlier. The present 
results indicate that both PL and Ch were initially 
decreased in the serum by 1 d fasting but increased 
significatnly by 3 and 5 d fasting (Table 2A). This increase 
in serum PL and Ch appeared to be due to the release in the 
blood by degeneration of membrane components and/or of 
lipoprotein hydrolysis. In contrast, the serum PL was 
lowered by IF without any change in the Ch content (Table 
20A). On the other hand, both PL and Ch were increased by 
HFD (Table 44A) as also reported earlier (187) but not 
affected by HCD or HPD (Table 32A). Thus it appears that 
serum parameters may alter by various dietary stresses 
differentially according to the prevailing metabolic 
situations and thier need. 
3. Enzymes of carbohydrate metabolism 
Since the kidney is a heterogenous structure consisting 
of distinct cortical and outer and inner medullary tissue 
zones, the enzymes of various pathways namely glycolysis. 
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TCA cycle, HMP-shunt pathway and gluconeogenesis have been 
found to be d i f f e r e n t i a l l y d is t r ibuted in these different 
t i s s u e zones ( 1 , 1 2 ) . I t has been wel l e s t a b l i s h e d t h a t 
ac t iv i ty of above pathways d i rec t ly or ind i rec t ly l ink with 
the overal l functioning of the kidney (188). Renal function 
especially the tubular functions are characterized as energy 
consumic t r a n s p o r t processes which are dependent on the 
ava i l ab i l i t y of energy provided by such metabolic pathways 
one way or the other (188). 
In gene ra l , the metabolic pathways for ca rbohydra te 
metabol ism have been d e s c r i b e d to be a f f e c t e d by the 
presence of oxygen-tension (PO2) in different kidney t i ssue 
zones bes ides o ther f a c t o r s , namely d rugs , hormones and 
p h y s i o l o g i c a l and development s t a t e ( 1 7 - 2 0 , 2 3 , 4 6 -
49,64,67,73-78,119). 
The present r e su l t s indicate that the ac t iv i ty of both 
LDH and MDH (enzymes of g l y c o l y s i s and TCA c y c l e 
respectively) s ign i f i can t ly lowered by fas t ing, IF, HPD and 
HFD while s ign i f i can t ly increased by HCD in the kidney and 
also in the l i ve r (Table 5, 14, 23, 35, 47). The decrease in 
LDH by IF was comparatively l e s s prominent (Table 23) . 
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Further analyses showed that the decrease in the activity of 
both the enzymes by fasting was similarly higher in SC-H 
than JMC-H, while these enzymes were differentially altered 
by IF, HPD, HFD and HCD. In contrast to fasting, the 
activity of LDH was profoundly lowered in JMC-H by IF, HPD 
and HFD and largely increased in JMC-H by HPD. However, the 
activity of MDH, in contrast to LDH, lowered to much greater 
extent in SC-H by IF, HPD and HFD and increased also in SC-H 
by HCD (Table 23B, 35B & 47B}. The activity in JMC-H was 
either not affected significantly or changed very little 
(Table 23B, 35B & 47B). It has been demonstrated that 
glycosis is predominant in deep cortex or medulla while TCA 
cycle (oxidative metabolism) is more prevalent in the cortex 
more so in the superficial cortex (2,50,51,52). The above 
enzymes were also altered in the liver but to different 
extent than the kidney and differentially by different 
dietary conditions. While fasting, IF and HFD produced 
lesser effect in the liver, greater effects were observed by 
HCD and HPD. The lowering effects by fasting, IF, HPD and 
HFD on LDH and MDH activity may reduce the generation of ATP 
thus altering the transport processes in the different 
kidney tissue zones accordingly. 
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It has been shown that carbohydrates are utilized first 
during fasting and other such conditions and then the supply 
of energy is maintained by the metabolism of fats and 
proteins. It has been also demonstrated that under such 
conditions glucose is synthesized from non-carbohydrate 
sources by gluconeogenesis (1,2,51,154,155), 
As a result of the above fact, the activities of FBPase 
and G6Pase (enzyme of gluconeogenesis) were found to be 
increased by fasting. The increase of both the enzymes was 
found to be much higher in SC-H than JMC-H (Table 6A & B). 
This is in agreement with some of the previous reports 
(1,2,57,152-156). It is also known that gluconeogenesis is 
predominent in the proximal convoluted tubule (as could be 
present in SC-H) than in the proximal straight tubule is 
pars recta (as could be in JMC-H) (51,76). 
The activities of both FBPase and G6Pase were 
differentially affected by IF, HCD, HPD and HFD as the 
metabolic conditions expected to be different under these 
situations. The activity of FBPase (+124%) was profoundly 
increased by IF but G6Pase activity was only moderately 
increased (+21%). The activities of the enzymes were also 
increased by HPD and HFD but not to the same extent as 
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observed by fasting (Table 6, 36, 48). However, both the 
enzymes were increased to similar extent. In contrast the 
enzymes were decreased by HCD (Table 36). The increase in 
the activity by fasting, IF, HPD or HFD or decrease by HCD 
was much greater in SC-H than JMC-H similar to the effect 
observed on MDH activity. IF had no significant effect on 
gluconeogenic enzymes of the liver while differential than 
the effect on kidney enzymes was observed on the liver by 
HCD, HPD and HFD. Previous studies also reported increased 
glycolysis and decreased gluconeogenesis in the proximal 
tubule by HCD (157), while increased gluconeogenesis and 
decreased glycolysis was characterized by HPD (158,159). 
Glucose is also known to be oxidized though at a low 
rate by HMP-shunt pathway. However, the enzymes of this 
pathway together with malic enzyme (ME) have an important 
role in the production of NADPH which is being utilized by 
the kidney in drug metabolism, glutathione handling and in 
the synthesis of lipids and other membrane components 
(74,75,76). The activity of G6PDH was profoundly increased 
in the kidney and the liver by fasting as well as by IF 
(Table 7, 16, 25). The activity of this enzyme was also 
significantly increased in the kidney by HPD while decreased 
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by HCD and HFD. In the liver, the activity of G6PDH was 
increased by both HCD and HPD but decreased by HFD (Tables 
37 & 49). The enzyme was profoundly altered in SC-H as 
compared to JMC-H by fasting, IF and by the diets. The 
activity of ME, however, was differentially affected by the 
conditions used in the study (Table 7B, 16B, 25B, 37B, 49B). 
The enzyme activity was increased significantly but to 
lesser extent than G6PDH by fasting and HPD while decreased 
in the kidney by IF, HCD and HFD (Table 7, 16, 25, 37, 49). 
The effect on ME activity under all the conditions appeared 
to be much greater in JMC-H than in SC-H (Table 7, 16, 25, 
37, 49). On the other hand the activity of ME in the liver 
was significantly increased by fasting, IF, HCD and HPD 
while significantly decreased by HFD (Table 7B, 16B, 25B, 
37B, 49B). 
The results of the present study thus clearly 
demonstrate that the metabolic activity in the kidney and 
also in the liver is affected differentially in response to 
different nutritional conditions. The effect was also 
differentially observed in the different kidney tissue 
zones. 
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4. Marker BBM-enzymes 
To Observe the effect of various nutritional conditions 
on the structural components of the proximal tubules, the 
activity of marker BBM enzymes, namely AlkPase and GGTase in 
the homogenates and in the isolated BBMV(s) from WC, SC and 
JMC was determined. These enzymes are considered not only to 
structural importance but also to the functional one as they 
are implicated directly or indirectly in the transport of Pi 
and amino acids respectively (116-118). Further, these 
enzymes are differentially distributed in BBMV-SC and BBMV-
JMC (156-189). Moreover, the activity of AlkPase was found 
to be increased under dietary Pi deprivation (LPD) and 
decreased by high phosphate diet (38,120,141,162). Also the 
activity of AlkPase was found to be changed in parallel in 
the same directions as the changes occurred in the transport 
of Pi in many albeit not in all the situations (116-118). 
However, direct involvement of this enzyzme in the transport 
of Pi was evidently ruled out (41,138). There appeared to be 
a link between serum Pi and AlkPase activity as in many (but 
not in all) cases, the activity of AlkPase and serum Pi 
change in parallel (38,119,141,190,191). However, Pi 
deprivation by LPD causes an opposite affect in which serum 
Pi and AlkPase activity both increase (162,192,193). 
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The results of the present study indicate that AlkPase 
activity declined by 1,3 and 5d fasting and the decrease was 
in proportion to the duration of fasting. The maximum 
decline was observed after 5 d fasting (Table 3A) . The 
activity of GGTase was also declined by 1 and 3 d fasting. 
However, it was significantly increased by 5 d fasting. 
Kinetic studies revealed that both Vmax and Km were altered 
accordingly to much greater extent. The activity of AlkPase 
was maximally altered in BBMV-SC while GGTase was changed in 
BBMV-JMC by fasting (Table 3A & B). 
The effect of IF was differentially observed on the 
activities of AlkPase and GGTase in BBMV-WC, BBMV-SC and 
BBMV-JMC (Table 21A & B). The activities of AlkPase and 
GGTase were lowered to similar extent in BBMV-WC by IF. 
However, the activity of AlkPase was profoundly decreased in 
BBMV-SC than BBMV-JMC while GGTase was lowered to much 
greater extent in BBMV-JMC than BBMV-SC (Table 21A & B). The 
activity of AlkPase was also lowered in BBMV-WC by HPD and 
HFD but increased by HCD (Table 33 & 45). In contrast, the 
activity of GGTase similar to fasting and IF declined by HCD 
and HFD but increased by HPD. The increase or decrease in 
the activity of AlkPase was always most profound in BBMV-SC 
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while the changes in GGTase activity were always more 
pronounced in BBMV-JMC under various nutritional conditions. 
While both Vmax and Km were altered by fasting and IF, the 
effects by HCD, HPD and HFD were largely due to the 
alteration of Vmax values (Table 22, 34, 46). 
5. Transport of —Pi and/or -H-L-proline 
The reabsorption of Na by active transport appeared to 
be a major work function of the kidney as the transports of 
various solutes, ions and minerals are dependent on Na-
reabsorption in the proximal tubules (40-45). The transport 
of -^ P^i which occur in PT at BBM step is also regulated at 
this step by various conditions including by drugs, hormones 
and dietary intake of Pi (32,98-111). 
Several intrinsic as well as extrinsic factors such as 
affinity (Km) and turnover rate (Vmax) of the transport, the 
concentration gradients of both solutes and the driving ions 
and the modulaters (inhibitors or stimulators) are known to 
affect the renal handling of Pi (32,98-111). Further the 
effects were differently observed in BBMV(s) isolated from 
superficial (SC) and juxtamedullary cortex (JMC) due to the 
heterogeneity in structure as well as in functions of the 
PT-subpopulations (194), 
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Many hormonal and non-hormonal f ac to r s c o n t r o l l i n g Pi 
homeos t a s i s have been shown t o modula te t h e r a t e of BBM 
Na/Pi co t r anspor t (136 ,170 ,194 ,195) . In general most i n v ivo 
maneuvers which modulate P i r e a b s o r p t i o n , so t h a t t h e e f f e c t 
i s r e t a i n e d at the BBM l e v e l . Some of the e f f e c t s were shown 
to be dependent on the p r o t e i n syn thes i s while o t h e r s were 
n o t ( 1 9 4 , 1 9 6 ) . T h y r o i d h o r m o n e s (T3) and d i e t a r y P i 
d e p r i v a t i o n by LPD s t i m u l a t e BBM Na/Pi c o t r a n s p o r t by Vmax 
e f f e c t but by d i f f e r e n t mechanism (197). The e f f e c t of both 
T3 and LPD was a l s o d i f f e r e n t i n BBMV-SC and BBMV-JMC 
( 1 0 0 , 1 0 5 ) , PTH, c a l c i t o n i n , h i g h p h o s p h a t e d i e t , 
n ico t inamide , ANF, and a c i d o s i s were shown to i n h i b i t Na/Pi 
c o t r a n s p o r t a l s o by d i f f e r e n t mechanism ( 3 2 , 9 8 - 1 0 2 , 
113,115) . 
As repor ted e a r l i e r by Kempson e t a l (119) , Na-g rad ien t 
dependent i n i t i a l ^ Pi t r a n s p o r t in BBMV-WC was lowered by 
1, 3 and 5 d f a s t i n g ( T a b l e - 8 ) . The maximum e f f e c t was 
observed by 5 d f a s t i n g , however "^^Pi uptake was markedly 
lowered by 1 d f a s t i n g . The e f f ec t of f a s t ing was r e v e r s e d 
by r e f e e d i n g (Table 1 7 ) . Both Vmax and Km were g r e a t e l y 
a l t e r e d . The e f f ec t of f a s t i n g was much g r ea t e r in BBMV-SC 
than BBMV-JMC (Table 9&18). However, in the same p r e p a r a t i o n 
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of BBMV(s) the uptake of L-proline was differentially 
affected by 1, 3, and 5 d fasting. The initial uptake of L-
proline was significantly lowered by 1 and 3 d fasting but 
significantly increased by 5 d fasting as compared to 3 d 
fasted rats (Table 10). Interestingly, the activity of 
GGTase was also similarly affected by 1, 3 and 5 d fasting. 
This may suggest that at least in the case of fasting the 
activity of GGTase and the uptake of L-proline changed in 
parallel and in the same directions (Table 3A). GGTase was 
proposed to be directly or indirectly linked with the 
transport of amino acids (198,199). The results are also 
supported by the kinetic analysis (Table 4B). 
In contrast to fasting, the of uptake ''^ Pi was 
singificantly increased in BBMV-WC by 30 d Islamic fasting. 
The increase m Pi uptake was accompanied by a 
simultaneous increase in serum Pi while urinary Pi was 
decreased significantly (Table 26,20A&B). This observation 
is in contrast to the effect of fasting. However, kinetic 
parameters indicate that both Vmax and Km values were 
profoundly increased by IF. Unlike fasting, the increase in 
•^ 'Pi uptake by IF was profoundly observed in BBMV-SC and the 
uptake in BBMV-JMC was only slightly increased (Table 28). 
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Kinetic studies showed similar observation in which both 
Vmax and Km values were predominantly increased in BBMV-SC 
and slightly in BBMV-JMC (Table 29). 
Similar to the effect of Islamic fasting, Na-gradient 
dependent Pi uptake in the initial uphill phase was also 
markedly increased by HCD and moderately enhanced by HFD.in 
BBMV-WC while significanlty decreased by HPD (Table 38,50). 
Both Vmax and Km were markedly increased by HCD and HFD but 
decreased by HPD in BBMV-WC. The results further indicate 
that the alterations of "^''Pi uptake were most pronounced in 
BBMV-SC and only small alterations were observed in BBMV-JMC 
by IF, HCD, HPD and HFD (Table 26,28,38,40,50,52). Under all 
these conditions both Vmax and Km were greately altered 
however, the changes observed in the Vmax were greater than 
in the Km values. Further the changes observed in the uptake 
on 
of "^ Pi were in the same direction with the changes in serum 
Pi levels. 
In several ways, the effects of IF, HCD and HFD on -^ P^i 
uptake appeared to be similar to the observed effect of 
dietary Pi-deprivation while the effects of fasting and HPD 
appeared to be similar to the effect of high phosphorus 
diet (31,119,120,162). This also appears from the results of 
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present study as whole, that some nutritional conditions 
appear to be detrimental namely, fasting and to some extent 
HPD while others such as IF, HCD and to some extent HFD 
appear to be beneficial for the metabolism and transport of 
-'^ Pi m the kidney m particular and for health in general. 
SUMMARY & CONCLUSION 
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SUMMARY & CONCLUSION 
The kidney is a vital organ plays essential role in 
health and diseases. The main function of the kidney is to 
maintain t o t a l body fluid volume, i t s composition and pH 
within physiologic range by v i r t u e of i t s reabsorpt ive 
p r o p e r t i e s . The kidney is a he te rogenous s t r u c t u r e 
consisting of several tissue zones e .g . , cortex, the outer 
medulla and the inner medulla. Each t i s s u e zone has 
individual "organ" characteristics with respect to dist inct 
structures of i t s components, their metabolic ac t iv i t i es , 
and eventually their contributions in the overa l l kidney 
functioning. The kidney is comprising at least of a million 
of nephrons - the fundamental u n i t , which i t s e l f i s 
subdivided into d i s t inc t s t r u c t u r a l and funct ional sub-
segments running through the var ious t i s s u e zones. The 
i n t e r - and in t ra nephronal he te rogenei ty of the nephron 
further contribute to heterogenous structure and function of 
the kidney. Although various nephronal subsegments play 
important role in the functioning of the kidney the proximal 
tubule is considered to be the major functional s i te where 
most of the solutes including var ious ions , minerals , 
sugars, fatty acids and amino acids in addition to water are 
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reabsorbed. The brush border membrane in the proximal tubule 
i s the chief s i t e at which the r e a b s o r p t i o n t a k e s p l a c e 
(26,30,42). The reabsorption of Na* ions by act ive t r anspo r t 
is the major work function of the kidney in general and the 
proximal tubule in pa r t i cu la r upon which the reabsorpt ion of 
o t h e r i ons and s o l u t e s i n c l u d i n g g l u c o s e and P i i s 
dependent. The reabsorption of Pi and glucose i s e s s e n t i a l 
in providing energy by various metabolic pathveays required 
for the t ransport functions by act ive t ranspor t p rocesses . 
The proximal tubule i s consis t ing of two d i s t i n c t s t r u c t u r a l 
and f u n c t i o n a l u n i t s , i e . g . p a r s c o n v o l u t a ( p r o x i m a l 
c o n v o l u t e d t u b u l e ) and p a r s r e c t a ( p r o x i m a l s t r a i g h t 
tubule) . 
The metabolic a c t i v i t y , the oxygen t e n s i o n and the 
transport functions vary in different t i s sue zones of the 
kidney and /or in various nephronal subsegments including 
the p r o x i m a l t u b u l e under p h y s i o l o g i c and in v a r i o u s 
environmental and d ie t a ry c o n d i t i o n s and in r e s p o n s e t o 
s e v e r a l d rugs and hormones ( 5 , 3 1 - 3 9 ) . In many of t h e 
s i t u a t i o n s the t r anspor t of Pi in the proximal t u b u l a r 
subsegment i s regulated at the BBM s i t e , usual ly exhib i ted 
by a l t e r a t i o n s in the c a p a c i t y , a f f i n i t y or bo th of t h e 
transport system. 
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It is known that kidney does not function to its full 
capacity under normal physiological conditions. It has the 
ability to adapt itself to maintain a positive balance of 
many of the nutrients and other needy elements to keep going 
according to the environmental and other conditions in which 
it lives. The most adaptive changes were observed in the 
phosphorus homeostasis in response to dietary phosphorus 
intake, starvation-refeeding and several hormones and drugs 
(1,2,6,51,79-81,152-167,5,31-39). Certain structural and 
functional components or the metabolic activity of proximal 
tubules are knwon to be affected by starvation (1,2,51,152-
156) and by feeding of various diets such as high or low 
phosphorus diet (119), high protein (158,159) high 
carbohydrate (157) and high fat diets (160,161). 
Thus, it can be envisaged that certain structural, 
functional and/or metabolic components of the kidney might 
be altered by hunger, malnutrition certain dietary 
imbalances, religious compulsions and environmental 
variations. It is believed that the kidney has the ability 
to adapt and adjust its functioning to work at its best 
capacity to maintain the body fluid volume and its 
composition, and to maintain the positive balance of many 
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nutritional elements by selective reabsorption and to reject 
excess harmful elements by excretion. In view of the above 
the present research was carried out to gain comprehensive 
knowledge regarding the adjustment of the kidney in general 
and the proximal tubule in particular with respect to 
alterations in the structure, metabolic activity and the 
reabsorption of certain solutes and in particular the 
inorganic Pi required for providing energy for many cellular 
and biochemical processes under various dietary conditions. 
In specific, the central aim of the present work was to 
determine the effects of fasting (or starvation), fasting-
refeeding. Islamic fasting (12 hr fasting - 12 hr refeeding 
for 30 d), and of various diets enriched in carbohydrates 
fats and/or proteins on certain structural, metabolic and 
functional components of the kidney in general, and on the 
proximal tubule in particular. The effects of the above 
variations were determined a) on serum and urinary 
biochemical parameters, b) on the activities of certain 
enzymes of carbohydrate metabolism, c) on the activities of 
marker-BBM enzymes and, d) on the transport of Pi and/or 
L-^H-Prolme in whole cortex and in superficial and 
juxtamedullary cortex. The results of the present study are 
summarized as follows: 
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In general, 1, 3, and 5 d fasting resulted in marked 
reduction of body weights (upto -37%). The kidney and cortex 
weight were also declined. Refeeding to fasted rats slightly 
improved the body and tissue weights but not completely. 
Islamic fasting and HFD caused only a small decline in the 
body (-20%, -12%) and kidney (-18%, -28%) weights. However, 
the feeding of HCD, and HPD resulted in the significant 
increase of body, kidney and cortex weights. 
a) Serum and urinary biochemical parameters 
(1) Serum or urinary creatinine levels were not 
affected by any of the experimental condition used in the 
study. (2) Both serum and urinary Pi declined by the fasting 
and returned towards the control values by re-feeding. 
Islamic fasting, HCD and HFD caused a significant increase 
in the serum Pi accompanied by a significant decrease in 
urinary Pi values. In contrast, serum Pi declined while 
urinary Pi increased by HPD. (3) Serum PL and Ch levels were 
lowered by 1 d fasting but increased by 3 and 5 d fasting. 
Opposite was the effect of refeeding. Serum PLs were 
significantly lowered by IF while PL as well as Ch both were 
increased by HFD. However, serum PL and Ch were not altered 
by HCD or HPD and Ch by IF. 
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b) Enzymes of carbohydrate metabolism 
(1) LDH activity was lowered both in the kidney and 
liver by upto 5 d fasting more so in the kidney than liver. 
Refeeding resulted in the improvement of the activity. 
Similar to the effect of fasting the enzyme was lowered both 
in the kidney (WC) and liver by HPD, HFD and IF but less 
effectively by IF. However, profound increase in the 
activity of LDH was observed by HCD. When further analyzed, 
the effect was more pronounced in the juxtamedullary cortex 
by IF, HCD, HFD or HPD while the enzyme was similarly 
declined both in SC-H and JMC-H by the fasting. 
(2) Similar to LDH, the activity of MDH was lowered in 
the kidney and liver by fasting, IF, HPD and HFD and it was 
increased by HCD. Unlike, LDH, MDH was greatly affected in 
the superficial cortex as compared to JMC-H. However, the 
decrease in the activity both in SC-H and JMC-H was similar 
by the fasting. 
(3) Differential effects of various dietary 
manipulations were observed on the enzymes (FBPase, G6Pase) 
of the gluconeogenesis. The activity of FBPase and G6Pase 
were increased in the kidney tissues by fasting, IF, HPD and 
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HFD while decreased by HCD. On the other hand, the activity 
of FBPase in the liver was significantly lowered by fasting, 
HCD and HFD, increased by HPD while not affected by IF. The 
activity of G6Pase, however, significantly increased by 
fasting and HPD, decreased by HCD and HFD and not changed by 
IF. The effect on FBPase was appeared to be much greater as 
compared to the effect on G6Pase activity. Greater affects 
of fasting, IF, HCD, HPD and HFD on the activity of both the 
enzymes were observed in SC-H while relatively a small 
effect were observed only by fasting in JMC-H. Moreover, the 
enzymes were significantly not altered in the JMC-H by HCD, 
HFD, HPD and to some extent by IF. 
(4) The activities of G6PDH and ME in control rats were 
apparently much higher in the kidney tissues (more so in 
JMC-H) than the liver. The activity of G6PDH was profoundly 
increased both in the liver and the kidney by fasting. The 
activity in the liver and kidney was also increased by IF 
and HPD while declined by HFD. However, by HCD, the activity 
of G6PDH was increased in the liver but decreased in the 
kidney. The activity of ME, on the other hand was increased 
in the kidney by only fasting and HPD but lowered by IF, HCD 
and HFD. In the liver, however, the activity of ME was 
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increased by fasting, IF, HCD and HPD but declined by HFD. 
The effects of all the experimental conditions on the 
activity of G6PDH was more pronounced in the SC-H while the 
activity of ME was profoundly affected in the JMC-H. 
c) Marker BBM enzymes 
(1) Differential effects on the activity of AlkPase and 
GGTase (marker BBM-enzymes) were observed by fasting, IF and 
other diets. The activity of AlkPase was significantly 
lowered by fasting, IF, HPD and HFD while increased by HCD 
in BBMV-WC. Further analyses showed that AlkPase was 
affected to greater extent in BBMV-SC than BBMV-JMC by IF, 
HCD, HPD and HFD. However, it profoundly decreased both in 
BBMV-SC and BBMV-JMC to much similar extent by the fasting. 
The activity of GGTase was also lowered by fasting (1 and 3 
d), IF, HCD and HFD but profoundly increased by HPD and by 5 
d fasting. The effect on the GGTase in BBMV-WC was 
relatively prominent than AlkPase at least by fasting, HCD 
and HFD if not by IF and HPD. Further analyses indicate that 
the activity of GGTase was affected to a greater extent in 
BBMV-JMC as compared to the effect in BBMV-SC. 
(2) Kinetics of the effects in BBMV-WC revealed that 
both Vmax and Km values were altered but Vmax values were 
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changed to greater extent than Km. The activity of AlkPase 
in BBMV-SC by 1, 3 and 5 d fasting was lowered due to 
profound decrease of Vmax and Km was not altered 
significantly. In BBMV-JMC Vmax was also decreased by 1, 3 
and 5 d fasting but Km was increased by 5 d fasting. The 
activity of GGTase was affected by 1, 3 and 5 d fasting due 
to the alteration of both Vmax and Km values to similar 
extent both BBMV-SC and BBMV-JMC. While the activity was 
lowered by 1 and 3 d fasting in both the BBMV-SC and BBMV-
JMC it was increased in BBMV-SC due to increase in Vraax and 
Km values but decrease (which was reduced than 3 d fasting) 
in the BBMV-JMC by IF, the activity of both AlkPase and 
GGTase were lowered due to decrease of Vmax and Km values 
but Km values were lowered to lesser extent than Vmax in 
BBMV-WC, BBMV-SC but in BBMV-JMC where both Vmax and Km 
declined for the GGTase and not for AlkPase. Similar Vmax 
effects were observed for AlkPase and GGTase in the case of 
HCD, HPD and HFD. 
(d) Transport of ^ Pi in BBMV-WC, BBMV-SC and BBMV-JMC 
(1) The result of the present study indicate that Na-
dependent "^"^Pi uptake in BBMV-WC in the initial time phase 
(5-30s) was markedly lowered by 1 d fasting without the 
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change in serum and urinary Pi. It further decreased by 3 
and 5 d fasting but with the declining of both serum and 
urinary Pi. Refeeding to fasted rats caused the reversal of 
fasting effect kinetic studies revealed that the uptake of 
Pi was lowered due to greater decrease of both Vmax and Km 
values. 
(2) In the same preparations L-proline uptake was also 
lowered by 1 and 3 d fasting but unlike "^ P^i uptake 
increased by 5 d fasting. 
(3) The effect of fasting was much greater in BBMV-SC than 
BBMV-JMC, 
(4) In contrast to fasting Islamic fasting resulted in 
marked increase of Pi uptake in the initial uphill phase 
in BBMV-WC. Both Vmax and Km were increased to much greater 
but similar extent. 
on 
(5) The effect of IF on the uptake of Pi was much more 
pronounced in BBMV-SC (25-37%) than BBMV-JMC (10-14%). 
Similar to fasting, both Vmax (+72%) and Km (+61%) were 
affected in BBMV-SC by IF. 
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(6) Na-gradient dependent 32Pi uptake in the initial uphill 
phase (5-30s) was markedly increased (38-50%) by HCD and 
moderately enhanced (25%) by HFD while declined (21-35%) by 
HPD in BBMV-WC. The changes observed in ^^Pi uptake by HCD, 
HFD or HPD were due to marked alterations of both Vmax and 
Km values in the BBMV-WC. 
(7) Further analyses indicate that the effects of HCD, HFD 
and HPD on Pi were most profound m BBMV-SC and only minor 
alterations were observed in BBMV-JMC by these diets. 
Although both Vmax and Km were chaged but the effect of Vmax 
was greater than Km, 
37 
(8) The transport of Pi in the presence of Na-gradient 
(Na^ > Naj^ ) at 120 min (equilibrium phase) and in the 
absence of Na-gradient (KQ > Kj^ ) was not altered under any 
nutritional conditions. 
The results of the present study suggest that by 
fasting or starvation and to some extent by high protein 
dietary intake the metabolic activity and "^  Pi reabsorption 
capacity in the kidney are lowered. In contrast. Islamic 
fasting, high carbohydrate and to some extent high fat 
dietary intake greately enhance metabolic activity and Pi 
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conservation in the kidney. It appears that God is kind to 
the poor who end up in eating HCD (like in India : rice with 
potatoes) and sometimes oily food but definitely not happy 
with the affluent societies who prefer to eat high protein 
diet. 
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